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PREFACE TO THE ENGLISH TRANSLATION. 


_— 


UNDERTOOK the translation of Professor Claus’ excellent 
“Lehrbuch der Zoologie” with a view of supplying the 
want, which has long been felt by teachers as well as students 
in this country, of a good elementary text-book of Zoology. 
Professor Claus’ works on zoology are already well known in 
this country ; and I think it will be generally admitted that 
they take the first place amongst the zoological text-books 
of the present day. 

It has been decided to publish the English translation 
in two volumes. The second volume, which begins with 
Mollusca, is in the press, and will, I trust, appear early in 
the autumn. 

The German has been, with one or two unimportant 
exceptions, closely followed throughout. These exceptions, 
and the few additions which I have thought it necessary to 
make, have in all cases been indicated by enclosure within 
brackets. 

I must ask the indulgence of the reader towards the errors 
and deficiencies of this translation. I trust that they will be 
found to be neither numerous nor important. I have to thank 
Mr. Heathcote for the assistancee he has given me in the 
laborious work of translation. Iam also indebted to Professors 
Newton and Foster, Dr. Gadow, and Mr. W. Heape for advice 


and assistance. 
ADAM SEDGWICK. 


TRINITY COLLEGE, CAMBRIDGE, 
1884. 
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GENERAL PART. 


CHAPTER I. 
ORGANISED AND UNORGANISED SUBSTANCES. 


Is the world, which is perceptible to our senses, we distinguish 
between living organised and lifeless unorganised bodie. The 
former (£.e., animals and plants) are endowed with the power of 
movement, and they remain the same in spite of manifold changes 
both of themselves as a whole and of their parts, and in spite of 
continual change of the matter entering into their composition. 
Unorganised bodies, on the other hand, are found in a condition 
of constant rest; and although this rest is not necessarily fixed and 
unchangeable, yet they are without that independence of movement 
which manifests itself in metabolism. In the former we recognize an 
organisation, a composition of unlike parts (organs), in which the 
matter exhibits its activity in a fluid and dissolved form; in the 
latter we meet with a mass which is more uniform, though as far 
as the position and arrangement of the molecules are concerned, 
not always homogeneous, and in which the various parts continue 
in a state of resting equilibrium so long as the unity of the body 
remains undisturbed. The matter of unorganised bodies (for in- 
stance, of erystals) is in a state of stable equilibrium, while through 
the organised being a stream of matter takes place. 

The properties and changes of living bodies are strietly dependent 
on the physico-chemical laws of matter, and this is recognized more 
clearly as science advances; yet it must be admitted that we are 
entirely ignorant of the molecular arrangement of the material basis 
of a living organism, and it exists under conditions the nature of 
which is as yet unexplained. These conditions, which we may 
designate, as vital without thereby calling in question their depen- 
dence on material processes, distinguish organisms from all un- 


10 GENERAL PART. 


organised bodies. They relate (1) to the mode of origin, (2) to the 
mode of maintenance, (3) to the form and structure of the organism. 

Living bodies cannot be manufactured by physico-chemical means 
from a definite chemical mixture under definite conditions of warmth, 
pressure, electrieity, ete. ; their existence rather presupposes, accord- 
ing to our experience, the existence of like or at least very similar 
beings from which they have originated. It appears that, in the 
present state of our knowledge, there is no evidence to show that an 
independent abiogenetie generation (generatio equivoca, spontaneous 
generation) actually takes place, even in the simplest and lowest forms 
of life; although very recently some investigators (Pouchet) have 
been led by results of remarkable but equivocal experiments to the 
opposite view. The existence of the generatio eqwivoca would offer 
a very important service to our contention for the physico-chemical 
explanation; 4 even appears to be a necessary postulate in order to 
ewplain the first appearance of orgamisms. 

The second and most important characteristie of organisms, and 
that on which the very maintenance of life depends, is their metabolie 
‚power, ü.e., the power which they possess of continually using up and 
renewing the matter composing the body. Every phenomenon of 
growth presupposes the reception and change of material constituents; 
every movement, secretion, and manifestation of life depend on the 
exchange of matter, on the breaking down and building up of 
chemical compounds. On this alternating destruction and renewal 
of the combinations of the body substance two properties necessary 
to living things depend, viz., the reception of food amd excretion of 
waste products. 

It is the organic substances (so called on account of their oeeurrence 
in organisins), £.e., the ternaryand quaternary carbon compounds (the 
former composed of carbon, hydrogen, and oxygen, the latter of 
these with the addition of nitrogen, and among the latter are 
included the albumins) which undergo the exchanges characterising 
metabolism ; they either (in animals) break up under the influence 
of oxidation into substances of simpler composition ; or (in plants) 
are built up by substitution from simpler inorganie substances. 
But just as the general fundamental properties (elastieity, weight, 
porosity) of organisms agree so closely with those of inorganie bodies, 
that it was possible to construct a general theory of the constitution 
of matter, so all the elements (fundamental substances which differ 
qualitatively, and are chemically incapable of further simplification) 
of organie matter are again found in inorganie nature, A vital 
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element, £.e., an element peculiar to organisms no more exists than 
does a vital force working independently of natural and material 
processes. Also with reference to the method of arrangement of the 
atoms, organic and inorganie substances have been erroneously put in 
sharp contrast; and the whole of the carbon compounds have been 
contemplated as the products of organisms only. Now, however, it 
has been shown for some time not only that the atomie arrangement 
and constitution of both are explained by the same laws, but also 
that a great many of the former (urea, alcohol, vinegar, sugar) can 
be artificially built up by synthesis from their elements. These 
facts point to the probability that many other organic substances 
will be synthetically produced, and among them, albumin ; and they 
also permit us to conclude that in the origination of organised bodies 
the same forces were in action which are suflicient for the formation 
of unorganised bodies. The functions peculiar to organisms, viz., 
metabolism, movement, growth, are accordingly to be referred to the 
properties of the chemical compounds composing them, and particu- 
larly to the complicated molecular arrangement of living matter. 

Nevertheless, this important property of living things, viz., meta- 
bolie action, may under certain conditions be temporarily suppressed, 
without thereby depriving the organism of the power of existence. 
By removal of water or of heat it is possible, in the case of many of 
the lower organisms and their germs, to suspend the vital processes 
for months and even years; and then to restore the apparently life- 
less body to the full exercise of its vital properties by the simple 
addition of water or warmth (eggs of Apus, Ostracoda, Anguillula 
tritiei, Rotifera—frogs, water insects, plant seeds). 

Finally, the living body is distinguished by its entire form and by 
the manner in which its various parts are connected together ; in 
other words, by its organization. The form of a erystal, the in- 
organic individual, is unchangeable, and is bounded by straight lines 
meeting at determined angles, and by plane, rarely spherical surfaces, 
which are capable of mathematical expression. The shape of 
organisms,* on the other hand, in consequence of the semifluid con- 
sisteney of the material composing them, is less sharply determinable 
and is within certain limits variable. Life manifests itself as a con- 
nected series of ever-changing states; and the movements of matter 
are accompanied by growth and change of form. 


* The fact that there are a number of solid exeretion products of organisms 
(shells) whose form is mathematically determinable does not of course annul 
this distinction. 
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The organism commencing as a simple cell, the egg or germ, 
develops by a gradual process of differentiation and change of ite 
parts up to a definite point at which it has the power of reprodueing 
itself; finally it dies, and breaks up into its elements. The greater 
part of the substance composing organised bodies is more or less 
semifluid and liable to osmotie action, —a condition which appears 
to be necessary both for the carrying on of chemical changes (corpora 
non agumt nisi soluta), and for the modification of the entire form of 
the organism ; it is not however homogeneous and uniform, but is 
composed of solid, semifluid, and fluid parts which exist as com- 
binations of elements of a peculiar form. Crystals do not possess 
heterogeneous units subordinated to one another, which, like the 
organs of living bodies, serve as instruments for the performance of 
different functions, but are composed of molecules of similar atomie 
constitution ; the absence of uniformity in their structure in differ- 
ent directions (planes of cleavage) being due to the arrangement of 
the molecules, and not to any difference in the molecules themselves. 
Organs again prove, on examination of their finer structure, to be 
built up of different parts 
® or tissues (organs of a 
©o lower order), and these 


} 5 again are composed of the 





Fı@. 1.—a, young ova of a Medusa; b, mother-cells ultimate unit of cell, the 
of spermatozoa of a Vertebrate ; one of them pre- cell. The cell, last of all, 
sented amoeboid movement, 

is to be traced back to 

the germ cell (ovum, spermoblast) (fig 1.) 

The cell by its properties stands in direct contrast to the crystal, 
and potentially possesses the properties of the living organism. Jt 
consists of a small lump of a semifluid albuminous substance (proto- 
plasm), containing, as @ rule, a dense or vesicular structure, the 
nucleus, and is frequently surrounded by a peripheral structureless 
membrane. If the latter is not developed, the presence of life is 
indicated by a more or less pronounced amaboid movement, the 
fluid protoplasm sending out and drawing in processes of a continually 
changing form. 

In this organised fundamental structure, from which all tissues 
and organs of animals and plants are developed, lie latent all the 
characters of the organism. The cell is, therefore, in a certain sense 
the first form of the organism, and indeed the simplest organism, 
While its origin points to the pre-existence of cells of a similar kind, 
its maintenance is rendered possible by metabolism. The cell has its 
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nourishment and excretion, its growth, movement, change of form, 
and reproduction. With participation of the nucleus it begets by 
division or endogenous cell formation new units like itself, and 
furnishes the material for the construction of tissues, for the for- 
mation, growth and change of the body. With justice, therefore, is 


the cell recognised as the special embodiment of life, and life as the 
activity of the cell. 
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Fıs 2,—Ameba (Protogenes) porrecta (after Max Sehultze)] 


Nor is this conception of the significance of the cell as the criterion 
of organisation and as the simplest form of life contradieted by 
the facts that the nucleus also sometimes fails (so-called cytodes of 
Hxckel), and that bodies undoubtedly manifesting vital phenomena 
are known which are structureless under the highest power of the 
mieroscope. Many Schizomycetes (Micrococeus) are so small that 
it is difieult to distinguish them in some cases from the granules 


of precipitates, especially when they show only molecular motion 


[Brownean movements] (fig. 3). Consequently, the living protoplasm» 


with its unknown molecular arramgement, is the only absolute test of 
the cell and organism in general. 


While appreeiating the essential differences which have been 
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expressed in the above discussion of the properties of living things 
and unorganised bodies, we must not in our criticism of the relations 
between them lose sight of the fact, that in numerous lower forms 
of life, metabolism, and all the 
activities of life can be completely 
suppressed by the removal of 
warmth and water, without there- 
by injuring the capacity of the 
organism for continuing to live; 
and further, that in the smallest 
organisms, which are proved to be 
such by their capacity of repro- 
ducing themselves by their meta- 
bolism, and it is impossible, by 
means of the very strongest powers 
of the mieroscope, to detect any 
organization. Since, moreover, the 
organie matter composing such 
forms consist of combinations 
which can be produced by synthe- 


Fıs. 3.—Schizomycetes (after F. Cohn), sis, independently of organization, 
a, Micrococeus ; » Bacterium termo, we must allow that hypothesis a 
Bacteria found in putrefying bodies ie 2 6 ° 
both in motile and Zooglea form. : certain justification which asserts 

that the simplest forms of life 
have been developed from unorganised matter, in which the same 
chemical elements occur as are found in organisms. 

Since no fundamental difference has been shown to hold between 
the matter and force of erystals and those of organised beings, we 
might look upon the first appearance of life as essentially only the 
solution of a difficult mechanical problem (with Du Bois Reymond), 
were we not obliged to conclude that there is present even in the 
simplest and most primitive organisms the germs of sensation and 
consciousness, attributes which we cannot regard as simply the results 
of the movement of matter. 
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CHAPTER Il. 
ANIMALS AND PLANTS, 


Tue division of living bodies into animals and plants rests on a series 
of ideas early impressed on our minds. In animals we observe free 
movements and independent manifestations of life, arising from 
internal states of the organism, which point to the existence of 
consciousness and sensation. In the majority of plants, which pass 
their lives fixed in the earth, we miss locomotion and independent 
activities indicative of sensation. Therefore we ascribe to animals 
voluntary movement and sensation, and also a mind which is the seat 
of these. 

Nevertheless these conceptions apply only to a proportionately 
narrow circle of organisms, viz., to the highest animals and plants. 
With the progress of experience, the conviction is forced upon us 
that the traditional conception of animals and plants needs, so far 
as science is concerned, to be modified. For although we find no 
difieulty in distinguishing a vertebrate animal from a phanero- 
gamous plant, still our conceptions do not sufüce when we come to 
the simpler and lower forms of life. There are numerous instances 
amongst the lower animals in which power of locomotion and distinet 
signs of sensation and consciousness are absent; while, on the other 
hand, there are plants which possess irritability and the power of free 
movement. Accordingly the properties of animals and plants have 
to be compared more closely, and at the same time the question has 
to be discussed, whether there are any absolute distinetive characters 
which sharply separate the one kingdom from the other. 

l. In their entire form and organization there seems to be an 
essential contrast between animals and plants. Animals possess a 
number of internal organs of complicated structure, lodged within a 
compact outline; while in plants the nutritive and exeretory organs 
are spread out as external appendages, with a considerable superficial 
extension. In the one case there is found an inner, and in the other 
an outer position for the absorbent surface. Animals have a mouth 
for the entry of solid and fluid nutritive matters, which are digested 
and absorbed in the interior of an alimentary canal, into which open 
various glands, (salivary glands, liver, pancreas, ete). The useless 
solid remains of the food pass out through the anus as faces. 
The nitrogenous waste material is exereted by a special urinary 
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organ (kidney), mostly in a fluid form. For the movement and 
circulation of the fluid carrying the absorbed nutriment, there is a 
pulsatory pump (heart) and a system of blood vessels, while respira- 
tion is usually carried on in terrestrial animals by lungs, and in aquatie 
animals by gills. Finally, animals possess internally placed generative 
organs, and a nervous system, and sense organs for the production 
of sensation. 

In plants, on the contrary, the vegetative organs have a much 
simpler form. Roots serve to absorb fluid nutriment, while the 
leaves act as respiratory and assimilating organs, taking in and giv- 
ing out gas. The complicated systems of organs found in animals 
are absent, and a more uniform parenchyma of cells and vessels, 
in which the sap moves, composes the body of plants. The gener 
ative organs also are placed in external appendages, and there are 
no nervous and sense organs. 

Nevertheless, the above mentioned differences are not universally 
found, but rather hold only for the higher animals and plants, and 
gradually disappear with the simplification of the organization. 

Even among vertebrates, and still more is it the case amongst 
mollusca, and the lower segmented animals, the respiratory and 
vascular organs are considerably simplified. The lungs or gills may 
fail as special organs, and be replaced by the whole outer surface of 
the body. The blood vessels are 
simplified, and sometimes they and 
the heart are absent, the blood being 
moved in more irregular streams in 
the body cavity and in the wall-less 
spaces in the organs. Similarly, the 
digestive organs are simplified ; 
salivary glands and liver may no 
longer be found as glandular appen- 
dages of the alimentary canal. The 
alimentary canal may become a 
blind, branched, or simple sac 
(Trematoda), or a central cavity, 
the walls of which are in contact 
with the body wall (Celenterata). 
Fre. 4. Branch of a Polyparium of The mouth and alimentary canal 

Corallium rubrum (after Lacaze e ® 

Duthiers). P, Polyp. may also fail (Cestodes), nourish- 

ment being taken in by osmosis 
through the outer walls of the body as in plants. Finally, nerves 
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and sense organs are totally absent in many organisms, which are 
looked upon as animals, e.g., in the whole of the Protozoa. 
With such reduction of the internal organs it is easy to understand 


that the simpler lower 
animals, such as colonies 
of polyps and the Sipho- 
nophora, should often in 
their outer appearance and 
the manner of their growth 
resemble plants, with which 
they were formerly con- 
founded, especially when 
they at the same time 
lacked the power of free 
locomotion (Polyps, Hy- 
droids, figs. 4,5). In these 
cases it is as diflicult to 
limit the idea of “indi- 
viduality” as it is in the 
vegetable kingdom. 

2. Between animal and 
vegetable tissues there exists 
also generally an important 
difference. While in the 
vegetable tissues the cells 
preserve their original form 
and independence, in the 
animal tissues they undergo 
very various modifications 
at the expense of their 
independence. Accordingly 
vegetable tissues consist of 
uniform cell - aggregates, 
the individual cells of 
which have retained 
sharply-marked bounda- 
ries; while in animal tis- 
sues the cells give rise to 





Fıg. 5.— Physophora hydrostatica. Pn, Pneuma- 
tophore; S, Swimming-bells; 7, Dactylozooid ; 
P, polypite or stomach with the tentacles, Sf. ; 
Nk, terminal swellings on the latter provided 
with thread-cells ; @, Clusters of gonophores 


extremely different structures, in which the cells as such do nct 


always remain recognisable. 


The reason for this unlike condition of 


the tissues must apparently be sought in the different structure of 


2 
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the cell itself; the vegetable cell being surrounded outside its pri- 
mordial utriele by a thick non-nitrogenous cuticle, the cellulose 
capsule; while the animal cell possesses a very delicate nitrogenous 
membrane, or instead of this only a more viscous boundary layer of 
of its own semi-fluid contents. Nevertheless, there are also vegetable 
cells provided only with a simple naked primordial utriele; and, on 
the other hand, animal tissues which resemble vegetable tissues in 
the fact that the cells remain independent and develop a capsule 
(chorda dorsalis, cartilage, supporting cells in the tentacles of hydroids, 
fig. 6) j 





Fıg. 6.,—a, Vegetable parenchyma (after Sachs). 2, Axial-cells from the tentacles of Cam- 
panularia. 


Neither can we, as has been done by many investigators, regard the 
multicellular composition of the body as a necessary sign of animal 
life. For not only are there many unicellular alge and fungi, but 
also animal organisms which are composed of one simple or complexly 
differentiated cell (Protozoa). Finally, it is not possible to see any 
reason why unicellular animals should not exist, especially when we 
consider that the cell forıns the starting-point for the development of 
the animal body. 

3. Least; of allcan a test be found in the reproductive processes, 
In plants indeed we find a predominance of the asexual method of 
increase by spores and buds, but similar methods of increase are 
widely present amongst the lower and more simply organised ani- 
mals. Sexual reproduction is effeeted both in animals and plants by 
processes which are essentially similar; consisting in both of the 
fusion of the male element (spermatozoon) with the female element 
(ovum),; and the form of these elements presents in both kingdoms a 
great agreement, at any rate they are in every case derived from 
cells. The structure and position of the generative organs inside the 
body, or as outer appendages of it, cannot be regarded as a distin- 
guishing mark, inasmuch as in both kingdoms the greatest difference 
prevails in this respect. 
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4. The chemical constituents and the metabolic processes in animals 
and plants present, on the whole, important features of difference. 
Formerly great importance was attached to the fact that plants 
consist chiefly of ternary (non-nitrogenous) compounds, while animals 
consist of quaternary nitrogenous compounds ; and a greater impor- 
tance was attached in the former to the carbon, in the latter to the 
nitrogen. But ternary compounds are found to be largely present 
in the animal body, e.g., fats, carbohydrates; while, on the other hand, 
quaternary proteids play an important part in those parts of a plant 
which are especially active in growth. Protoplasm found in the 
living vegetable cell is richly nitrogenous, and of an albuminous 
nature; and it agrees in its micro-chemical reactions with sarcode, 
the contractile substance of the lower animals. In addition, the 
moldifieations of egg albumen, known as fibrin, albumen, and casein, 
are also found in vegetable cells. Finally, it is not possible to 
mention any substance which is universally and exclusively found 
either in animals or in plants. Chlorophyll (green colouring matter 
of leaves) occurs in the lower animals (Stentor, Hydra, Bonellia), 
while, on the other hand, it is totally absent in Fungi. Cellulose, 
a peculiar non-nitrogenous substance found in the outer membranes 
of vegetable cells, occurs in the mantle of Ascidians. Cholesterin, 
and certain substances especially characteristic of nervous tissue‘, 
are also found in plants (Leguminos®). 

Of far greater importance is the difference in the nourishment and 
metabolie processes. Plants take up with certain salts (phosphates 
and sulphates of the alkalies and earths) more especially water, 

_ earbonie dioxide (carbonie acid), and nitrates or ammonia compounds, 
and build up organie compounds of a higher grade from these binary 
inorganie substances. Animals, in addition to taking up water and 
salts, require organie food, especially carbon compounds (fat) and 
nitrogenous, albuminous substances; which, in the eyele of metabo- 
lism, break down to nitrogenous waste products (amides and acids), 
kreatin, tyrosin, leuein, urea, ete.; urie acid, hippuricacid, ete. Plants 
exhale oxygen, whilst they are decomposing carbon dioxide by means 
of their chlorophyll under the influence of light, and are forming in 
their chlorophyll corpuscles organic substances from carbon dioxide 
and solutions containing combined nitrogen. Animals take up oxygen 
through their respiratory organs for the maintenance of their meta- 
bolism. The processes of metabolism and of respiration, therefore, in. 
the two kingdoms are indeed mutually determinant, but have an 
exactly opposite result. The life of animals depends on the analysis 
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of complex compounds, and is essentially an oxidation process, by 
which potential energy is converted into kinetie (movement, produc- 
tion of heat, light). The vital activity of plants, on the contrary, is 
based, so far as it relates to assimilation, on synthesis, and is 
essen:ially a process of reduction ; 
under the influence of which the 
energy of warmth and light is stored 
up, kinetie energy being converted into 
potential. 

Nevertheless, this difference also is 
not applicable as a test in all cases. 
Recently the attention of investigators 
has been turned, especially by Hooker 
and Darwin,* to the remarkable nutri- 
tive and digestive processes in a group 
of plants which were first observed a 
hundred years ago (Ellis). The plants 
in question catch, after the manner of 
animals, small organisms, especially in- 
Fıs. 7.—Leaf of Drosera rotundifolia, sects, and absorb from them through 

with partially contracted tentacles the glandular surface of their leaves 

en the organic matter after a chemical 
process resembling animal digestion (leaves of the Sun-dew, Drosera 
rotundifolia, and the fly-catcher, Dionea muscipula. Figs. 7 & 8). 
Many parasitie plants and 
almost all fungi have not, 
however, in general, the 
power of making organic 
substances from inorganic, 
but suck up organie juices; 
and in taking up oxygen 
and giving out carbonie 
acid, they present a respi- 
ratory process resembling 
that found in animals. 

It was established by 
Saussure’s observations that all plants require oxygen at certain 
intervals; that in those parts of plants which are not green, not 
possessing chlorophyll, and also in the green parts in the absence 
of sunlight, ©.e. at night, a consumption of oxygen and exhalation 
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FıG. 8.—Leaf of Dion®a muscipula in expanded 
condition (after Darwin). 


* Compare especially Ch. Darwin, “ Inseetivorous Plants.” London, 1875. 
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of carbonie acid goes on. In plants, therefore, together with 
the characteristie deoxidation process, there is always found a 
process of oxidation analogous to that occurring in animal me- 
tabolism; by which a part of the assimilated substances is again 
destroyed. The growth of plants is impossible without the con- 
sumption of oxygen and the production of carbonie acid. The more 
energetic the growth, the more oxygen is consumed, as indeed the 
germinating seed or the quickly unfolding leaf and flower buds 
rapidly consume oxygen and excerete carbonie acid. In this con- 
nection should be mentioned the fact that the movements of proto- 
plasm depend upon the inspiration of oxygen. The production of 
heat (in germination), also of light (Agaricus olearius) is accompanied 
by an active consumption of oxygen. Finally, there are organisms 
(yeast cells, Schizomycetes) which indeed manufaeture both nitro- 
genous and albuminous compounds, but do not assimilate the carbon 
of carbonie acid, but rather derive the necessary carbon from pre- 
pared carbohydrates (Pasteur, Cohn). 

5. Voluntary movement amd sensation, according to the common 
view, is the chief characteristic of animal life. Formerly, the power 
of free locomotion was looked upon as a necessary property of 
animals; and as a consequence of this the fixed colonies of Polyps 
were considered to be plants, until Peyssonnel brought forward 
proof of their animal nature, a view which by the influence of the 
great naturalists of the last century has gained general recognition. 
More recently, on the discovery of the existence of motile spores 
of alge, it was first recog- 
nised that plants also, 
especially at certain stages 
‚of their development (fig. 
9), possessed the power of 
free locomotion, so that 
we are compelled to direct 
our attention to the signs 
by which the voluntary Fıa. 9.—Zoospores, a, of Physarum ; b, of Monostroma ; 
nature of the movement c, of Ulothrix; d, of Bedogonium ; e, of Vaucheria 
can be decided for a dis- DIENEN: 
tinetion between the respective movements of animals and plants. 
As such for a long time was regarded the contractile nature of the 
movement as opposed to the uniform movements of plants carried 
out with rigid bodies. 

In the place of muscles, which as a special tissue are absent in the 
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lower animals, there is present an undifierentiated albuminous 
substance known as sarcode, the contractile matrix of the body. The 





Fıs. 10.—Zoospores of Aecthalium 
septicum after de Bary. a,in 
condition of hatching; D, as 
mastigopods; ce, inthe amaboid 
stage; d, a piece of plasmodium. 


viscous contents of vegetable cells, 
known as protoplasın, possesses likewise 
the power of contractility, and re- 
sembles sarcode in its most essential 
properties. Both present the same 
chemical reactions and agree in the fre- 
quent presence of cilia, vacuoles, and 
streams of granules. Pulsating spaces, 
the contractile vacuoles, are not ex- 
celusively a possession of sarcode, but 
may also occur in the protoplasm of 
vegetable cells (Gonium, Chlamydo- 
monas, Ohetophora). The contractility 
of the protoplasm of vegetable cells 
is, as a rule, limited by the cellulose 
membrane, but in the naked cells of 
Volwocina and Saprolegnia, and in the 
ameba-ike forms occeurring in the 


development of Myxomsycetes, the contractile power is as intense as 
in the sarcode of Infusoria and Rhizopoda. The ameboid move- 
ments of the plasmodium of Myxomyecetes (fig. 10) are not inferior 





in intensity to those of a genuine 
Ameba belonging to the Rhizo- 
poda, e.g., Ameba polypodia (prin- 
ceps), (fig. 11). Im these similar 
phenomena of movement of the 
lower animals and plants we seek 
in vain for any test of volition, the 
interpretation of which will depend 
upon the individual judgment of 
the observer. 

The faculty of sensation, which 
is inconceivable as a function of 
matter and which must be always 


Fıs. 11.—Amaba Dactylosphera polypodia. pre-supposed wherever we have 
N, nucleus. Po, contractile yacuole (after to do with voluntary movement, 


Fr E. Schulze). 


can by no means be afirmed with 


certainty in allanimal organisms. Many of the lower animals entirely 
lack a nervous system and sense organs, and, on stimulation, exhibit 
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but slight movements not more intense than those of plants. This 
irritability, however, appears widely present among the higher plants. 
The sensitive plants move their leaves on the application of mechani- 
cal stimuli (Mimosee), or bend like the sundew (Drosera, fig. 7) 
small knobbed processes of the leaf surface which are comparable to 
the tentacles of polyps. The fly-catcher (Dionea, fig. 8) brings the 
two halves of the leaf together in a valve-like manner when touched 
by insects. The stamens of the C'entaurea contract along their whole 
length on mechanical and electrical stimulation, and according to the 
same laws as do the muscles of the higher animals. Many flowers 
open and shut under the influence of light at certain times of the 
day. 

Accordingly irritability as well as contractility appears to be a 
property both of vegetable tissue and of the protoplasm of vegetable 
cells; and it is not possible to determine whether volition and 
sensation, which we exclude from these phenomena in plants, play a 
part in the similar sensory and motor phenomena of the lower 
animals. 

In none of the above-mentioned characteristics of animal and 
vegetable life, then, do we find any absolute test, and we are not in 
a position to indicate the presence of a sharp line between the two 
kingdoms. 

From the common starting-point of the contractile substance * 
animals and plants are developed in different directions; at the 
beginning of their development they present many kinds of resem- 
blance, and it is only on their attaining a more complete organization 
that the full opposition between them is apparent. In this sense, 
without wishing to draw a sharp line between the two series of 
organization, we can define our conception of an animal by putting 
together all the characteristics distinguishing the direction of animal 
development. . 

An animal, therefore, is to be defined as an organism provided 
with the power of free and voluntary movement, and with sensation; 
whose organs are internal, and are derived from a development of 
the internal surfaces of the body; which needs organic food, inspires 
oxygen, changes potential energy into kinetic under the influence cf 
oxidation processes in metabolism, and exeretes carbonie acid and 
nitrogenous waste products. 


* The formation of an intermediate kingdom for the simplest forms of life 
is neither scientifically justified, nor from practical considerations desirable. 
On the contrary, the acceptance of the Protista would only double the difliculty, 
of determining the limit. 
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Zoology is the science which has animals for its subjeet, and which 
seeks to examine the phenomena of their structure and life, as well 
as their relations to one another and to the outer world, 


CHAPTER III, 
THE ORGANIZATION AND DEVELOPMENT OF ANIMALS IN GENERAL. 


In the foregoing comparison of animals and plants for the 
establishment of a correct idea of the meaning ofthe word “animal,” 
the great variety and the numerous grades of animal structure have 
been hinted at. Just as the complex organism is built up from the 
ovum by a process of gradual differentiation, and often during its 
free life passes through conditions which lead in ascending series 
to an ever higher development of the parts and to a more complete 
performance of functions; so, if the animal kingdom be examined as 
a whole, there is apparent a similar law of gradually progressing 
development, of an ascent from the simple to the complex, manifest 
both in the form of the body and in the compositien of its parts as 
well as in the completeness of the phenomena of life. 

It is true that the grades of animal structure do not, like those of 
the developing individual, follow the one upon the other in a single 
continuous series; and the parallel between the developmental 
gradation of types in the animal kingdom as a whole and the suc- 
cessive conditions of an individual animal breaks down in so far as 
we distinguish in the former, as opposed to the latter, a number of 
types of animal structure often overlapping, but still, in their higher 
development, essentially different from each other. These we regard 
as the highest divisions of the system. 


INDIVIDUAL—ORGAN—-STOCK, 


The animal organism, when viewed from a physiological and mor- 
phological stand-point, presents itself as an independent and indivisible 
unit, as a “complete individual.” Amputated limbs or exeised parts 
of the body do not develop into new animals; in fact we cannot 
usually remove a single piece of the body without thereby endanger- 
ing the life of the organism, for it is onlyas a complex of all its 
parts that the body can retain its full vital energy. With reference 
to the property of the indivisibility of the individual, we understand 
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by the term organ every part of the body which as a unit subordi- 
nate to the higher unit of the organism presents a definite form and 
structure, and performs a corresponding function ; that is to say, an 
organ is one of those numerous instruments on the combined work- 
ing of which the life of the individual depends. 

There are certainly among the simpler animals many instances in 
which the term individual in its usual sense cannot be rightly 
applied. In such cases we have to do with structures which from 
their development must be termed individuals, and represent indi- 
viduals, accordingly, in a morphological sense. A great many of them 
are, however, fused to a common stock, forming what is known as a 
colony, and are related physiologically to this, as organs are to an 
organism. They are accordingly incomplete or morphological indivi- 
duals, which are usually incapable of leading a separate existence ; 
and, when they differ from each other in form and function, dividing 
amongst themselves the labours, the performance of which is neces- 
sary for the maintenance of the whole colony, they always perish 
if separated from it. 

Such polymorphous* stocks of animals present the properties of 
individuals although they are morphologically aggregations of indi- 
viduals which behave physiologically as organs (fig. 5). On the other 
hand, groups of organs can acquire individual independence, 

In the animal body organs do not always remain single, but the 
same organ may be often repeated. The manner of the repetition is 
dependent on the kind of symmetry, which may be radiate or bilateral. 
In animals with radiate symmetry, the Radiata, it is possible to 
connect two opposite points of the body by an axis, which may be 
called the chief axis, and to divide the body by sections passing 
through this axis into a number of equivalent and symmetrical parts 
known as antimeres. The organs which are not repeated are situated 
in the chief axis of the body, while the other organs, which are 
uniformly repeated in each antimere, are situated peripherally. Each 
antimere contains, therefore, a definite group of organs and represents 
a secondary unit, which, together with its fellows and the central 
organs, constitutes the primary unit, ö.e., the perfect animal. 

In a radiate animal a number of lines can be drawn at right angles 
to the chief axis, corresponding in number to the antimeres, and 
each passing along the middle of an antimere; such lines are known 
as radial. Similarly, a corresponding number of inter-radial lines 


* Vide R. Leuckart, “ Ueber den Polymorphismus der Individuen und die 
Erscheinung der Arbeitstheilung in der Natur.” Giessen, 1851. 
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can be drawn, passing between the antimeres, A vertical section 
thıough a radial line divides the corresponding antimere into two 










len 


FıG. 122.—Sea-urchin (diagrammatic). 
J, inter-radius with the double row 
of interambulacral plates and the 


genital organs @; R, radii with the‘ 


double row of ambulacral-plates 
perforated by the ambulacral pores, 
4A, anus. 





Fıs. 125.—Shell of a Sea-urchin seen 
from above. A,radius withthe per- 
forated plates; J, inter-radius with 
the corresponding generativeorgans 
and their pores. 


equal parts, while a similar section through an inter-radial line 
divides one antimere from its neighbour. Radiate animals may have 





Fıs. 13.—Star-fish (diagrammatic). @, 
generative organ in inter-radius; Ay, 
position of the ambnlacral feet in the 
radii. 


two, three, etc, radi; and in 
animals which possess an uneven 
number of radii, one radius and 
one inter-radius always fall in the 
same vertical plane (fig. 12a, db, 
and fig. 13). In animals with an 
even number of radii, on the con- 
trary, each vertical plane passes 
through two radii or two inter- 
radi. A vertical section passing 
through one radius would, if pro- 
longed, pass through the radius of 
the opposite antimere (fig. 14a). For 
example, an animal with four radii 


possesses four antimeres, each of which will be divided into two, by 
two radial vertical sections passing at right angles to each other 
through the chief axis; while they will all be separated from each 
other by two similarly directed inter-radial sections. 

Biradiate forms (the Otenophora) possess, on the contrary, only two 
radii, which lie in a common vertical plane. A second vertical plane 


erossing the first at right angles passes through the inter-radüi, and 
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divides the antimeres from each other. The first, in which the 
greater number of organs are repeated, may be designated the 
transverse plane, while the second, corresponding to the median plane 
of bilateral animals, is known as the sagittal plane (fig. 145). 





FısG. 145. — Otenopheran seen from 


Fıs. 14a.—Acalcpha larva (Ephyra). above. S, sagittal plane; 7, trans 
Rk, marginal body; @f, gastrie fila- verse plane; AR, vibratile plates ; @f, 
ment. Re, radial-canal; O, mouth. gastric canals. 


In the bilateral arrangement, which is found also in each individual 
antimere of the Radiata, only one plane, the median plane, can be 
iınagined, which passes through the chief axis and divides the body 
into two exactly similar parts (right and left). These two halves, as 
opposed to antimeres, may be termed parameres. 
In bilateral animals we distinguish an anterior and 
posterior end, a right and a left side, and a dorsal 
and a ventral surface. The unpaired organs are 
placed in the middle line, on each side of which, in 
the two halves of the body, are placed the paired 
organs. The plane which is placed at right angles 
to the median plane (passing from right to left) and 
separates the unlike dorsal and ventral halves of 
the body, is known as the lateral plane. The anti- 
meres of the Radiata also consist of two parameres, 
and are therefore bilateral, in that the vertical plane 
passing through the radius like the median plane 
divides them into two similar parts. 

The same groups of organs or similar parts of 
the same organ may also be repeated in a longitu- Fre. 15.—Segmented 
dinal direction. This occurs especially frequently ec: 
in bilateral, less frequently in radiate animals mentury ennal; ©, 
(strobila). "The body thus obtains a segmentation, a 
and is divisible into successive sections, the segments or metameres, 
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which are placed one behind the other, and more or less completely 
resemble each other in structure (Annelids, fig. 15). The successive 
segments may in structure and function appear completely equiva- 
lent, and represent, like the antimeres of the Radiata, individuals 
of a lower order, which on the severance of their mutual connec- 
tion can acquire independence and remain alive for a shorter or 
longer period (proglottis of Cestodes). 

In animals of higher organization the segments are much more 
intimately connected, and are mutually dependent, but they lose at 
the same time their complete homonomy. In the same degree as the 
metameres acquire an unlike structure, and corresponding to this a 
varying importance in the life of the organ- 
ism, they lose their individual independence, 
and sink more and more to the value of organs. 

The metameres in the polymorphous 
colonies are quite analogous to the segments 
of the individual. In them there follow, one 
behind the other, similar groups of different 
individuals, each of which fulfils singly the 
conditions necessary for existence, and there- 
fore can continue to live as a colony of a 
lower order when separated from the stock 
(Eudoxia, Diphyes, fig. 16). 

The distinetion into a higher and lower 
order also holds for organs. There are organs 

i which are reducible to a single cell, or toan 
Fıa. 16.—Portion of Diphyes x 3 3 
after R. Leuckart). 2, Aggregation of equivalent cells (simple organs), 
hydrophyliium ; Gs, gono- and others in the formation of which various 
phore; P, Polyp with n Zr 
tentacle. The groups og cells and tissues (compound organs) partici- 
individuals separate them  nate, and which frequently,in their turn, may 
selves as Eudoxia. 
be divided into parts different in structure 
and function. The compound organs of higher order are composed 
of different parts which function as organs of a lower order. These, 
again, are composed of various kinds of cellsand cell derivates, which 
are organs of a still lower order. Finally, in the last analysis, we 
come to the cell or the area of protoplasm corresponding to it, which 
is the simplest and ultimate organ. On the other hand, we group 
together organs of different order, which are intimately conneeted so 
far as their chief function is concerned, under the name of system 
(vascular system, nervous system) or apparatus (digestive apparatus), 
although we cannot clearly distinguish them from compound organs, 
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CELLS AND CELL TISSUES, 


The constituent parts of which an organ is made up are known as 
tissues. They possess a definite structure, visible with the help of 
a microscope, and have either the form of cells or of structures 
derived from cells. Tissues have a function corresponding to their 
special structure, and this function determines the whole function of 
the organ. They may, therefore, be regarded as organs of a lower 
order. The ultimate unit, the organ of the lowest order, or ele- 
mentary organ,* from which all tissues are derived, is the cell. 
The essential part of a cell is not, as we have already seen, the 
membrane or the nucleus, but the protoplasm, with its special 
molecular arrangement, in which reside the funetions of independent 
movement, of metabolism and of reproduction (fig. 1). 

The nucleus of a cell is either a solid mass of protoplasm or a 
more fluid structure enclosed by a firm membrane, and may con- 
tain one or more solid bodies (nucleolus). Diflerent as are the 
forms which the nucleus may take, it always contains a fluid sub- 
stance, the nueclear fluid, and a pro- 
toplasmie substance, the nueclear 
substance of a special importance 
for the functions of the nucleus 
(fig. 17). 

An important and very general 
property of protoplasm is its 
power of contractility. The living 
mass presents, in connection with Fıe 17.—Different forms of nuclei (after 


£ R. Hertwig). a, nucleus from a cell 
metabolism, phenomena of move- of a Malpighian tubule of a caterpil- 


lar. d, nucleus of a Heliozoon with 
a cortical layer and nucleolus in the 





ment. These movements are not 


merely confined to the currents of nuclear fluid. ce, nucieus from the 
ol N en a egg of a Sea-urchin. Nucleolus im- 
solid particles suspended in the bedded in a protoplasmic fibrous net- 
viscous contents of the cell, but work surrounded by nuclear fluid. 


are shown also in the change of 
form of the whole cell. If the outer part of the protoplasm has- 
condensed so as to give rise to a cell membrane, &.e., if the cell has 
acquired a distinet wall, the changes in its form are very much 
restrieted. In other cases the movement shows itself in a quick 
or slow change in the outer form. The cell in this case manifests 
* Th. Schwann, “ Mieroscopische Untersuchungen über die Uebereinstimmung 
in der Structur und dem Wachsthum der Thiere und Pflanzen.” Berlin, 1539. 


Fr. Leydig, “ Lehrbuch der Histologie des menschen und der Thiere.” Frank- 
furt a.M. 1857. 
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the so-called amaboid motion ; it sends out processes, draws them 
in-again, and is able by such means to change its position. This 
capacity of change of form is especially possessed by young undif- 
ferentiated cells, which have not developed an outer membrane, 
Such cells in their later growth usually develop a cell membrane, 
which accordingly is not, as was formerly supposed, a necessary 
constituent of the cell, but is merely an indication that‘ the cell 
has undergone a certain amount of differentiation from its early 
indifferent condition. 

It has been already pointed out that the fundamental properties 
which distinguish the life of organisms manifest themselves also 
in the life of their constituent cells. According to our present 
knowledge, cells always originate from pre-existing cells; a process of 
free cell formation, as conceived by Schwann and Schleiden, indicated 
by the precedent origin of nüclei in a formative organic material, 
has never been proved. 

Such a process may, however, take place when the formative 
matter is the plasma of a cell, or of several cells fused together 
(plasmodium). In such cases we have a process of free cell forma- 
tion (e.g., spore formation in Myxomycetes) which certainly is not 
clearly marked off from a process of new formation within the mother 
cell, and is to be looked upon as a modification of the so-called 
endogenous cell formation. This leads us to a consideration of the 
very widely distributed method of cell increase by division. When 
the cell has reached a certain size by the absorption and assimilation 
of nutrient matter, the protoplasm separates itself into two nearly 
equal portions, this process being usually preceded by the division of 
the nucleus. Each portion receives half of the original nucleus. 

During its division the nucleus undergoes, as has been recently 
shown in many instances, peculiar differentiations and changes (fig. 
18). It becomes spindle-shaped ; its contents take on the form of 
longitudinally arranged strie, running from pole to pole of the 
spindle; the centre of each of the strise becomes thickened, giving 
rise to a cross equatorial zone of granular matter, the nuclear plate 
(thickened zone). The central thickenings constituting the nuclear 
plate divide. Each half travels towards the poles of the spindle, 
and becomes there enclosed in a clear fluid mass, which appears in 
the protoplasm. From these two structures the new nuclei are 
formed at the poles of the now dumb-bell shaped nuclear spindle, the 
strie of which vanish during the constrietion of the protoplasm, 
which has already commenced and quickly progresses, The division 
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is completed when the young nuclei, proceeding from the two poles 
of the nuclear spindle and the surrounding clear protoplasm, have 
attained their definite size, and the remains of the fibres have been 
absorbed. 

During these processes the protoplasm of the cell has gradually 
become more and more constrieted by a furrow which is directed 
transversely to the long axis of the nuclear spindle, and which after 
the completion of the division of the nucleus brings about a separa- 
tion of the cell contents into two masses—the daughter cells 
(fig. 18). 

If the products of the division are unequal, so that the smaller 
portion may be lonked upon as a production of the larger, we give 
the name “ budding ” to this form of reproduction. 





Fıs. 13.—Processes of cell division in an embryonic b!sod corpuscle of a chick (after 
Bütschli). X, nuclearspindle. Xp, nuclear plate or equatorial thickening. 

Finally, the term endogenous cell formation is applied to that 
method of increase in which the cells originate within the mother- 
cell. In this case the protoplasm does not divide by a progressive 
constrietion and separation into two or more parts, but differentiates 
itself round the newly formed nuclei, with which the original nucleus 
may persist. 

The ovum which we have to contemplate as the starting-point of 
the development of the organism produces by these various methods 
of cell multiplication the material of cells which serves for the for- 
mation of the tissues. Groups of originally indifferent and similar 
cells break up and assume severally a changed appearance. The 
constituent elements undergo various differentiations, and from them 
and their derivates is produced a definite form of tissue, endowed 
with a function corresponding to the peculiarity of its structure. 

The separation of groups of different cells leading to the establish- 
inent of various tissues prepares the way for the physiological 
division of labour between the organs, which, like the tissues compos- 
ing them, can, according to the functions which they perform, be 
divided into organs of vegetative life and orgams of animal life. 

The former have to do with the nutrition and maintenance of 
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the body; the latter, on the contrary, serve for movement and 
sensation, functions which are exelusively the property of animals 
(as opposed to plants). For the sake of clearness we will divide the 
vegetative tissues into two groups, —into cells and cell-aggregates 
(epithelium), and into tissues of connective substanee. In the 
tissues of animal life we distinguish muscular and nervous tissues. 
This classification of the tissues has no other aim than to facilitate 
a general review of the different forms of tissue, and to render 
possible a criticism of their relationships; it lays no claim to establish 
an absolutely sharp line between the various groups. 

1. Cellsand cell-aggregates. Cells may either be free and isolated 
from each other, floating in a fluid medium, or they may be placed 
near one another forming part of an aggregation of cells spread out 
superficially. To the former belong the cells of the blood, chyle, and 
lymph. The blood of invertebrates, which is generally colourless, and 





Fıs. 19.—Blood-corpuscles (af.er Ecker). a, colourless blood corpuscles from the heart of 
the fresh-water mussel (Anodonta). b, from the caterpillarof Sphinx. c, red corpuscles 
from Proteus. d, from the smooth adder. d’, lymph corpuscles of the same. e, red 
corpuscles of the frog. f, of the pigeon. ‚f, lymph corpuscles of the same. g, red 
blood corpuscles of man. 

the blood of vertebrates, which is with few exceptions red, consists 

of a fluid albuminous plasma containing numerous blood-corpuscles 

in suspension. These corpuscles are in invertebrates irregular often 
spindle-shaped cells, endowed with the capacity of amaboid move- 
ment. In the blood of vertebrates, in addition to such colourless 
amceeboid corpuscles there are found red corpuscles (discovered by 

Swammerdam in the frog); and these are so numerous as to give 

the blood a uniformly red appearance to the unaided eye. They are 

thin disecs with an oval, nearly elliptical or circular (Mammalia 

Petromyzon) contour, with nuclei in the first case, and without 

nuclei in the second (except in the embryo) (fig 19). They contain 
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the red colouring matter of the blood, hemoglobin, which plays so 
important a part in respiration. They arise in all probability from 
the colourless corpuscles which are always far less numerous in 
normal blood. The colourless corpusceles are genuine cells of variable 
form, and have the power of amaboid motion (migration into tissues, 
regeneration of tissues, etc.) ; they come from the Ilymphatie glands, in 
which they arise as Iymph corpuscles, and eventually pass with 
the lymph stream into the blood. The ova and spermospores, after 





Fıc. 20.—Spermatozoa. a, cf Medusa. Db, of a Nematode. e,of aCrab. d,of Torpedo. 
e, of Salamander (with undulating membrane). f, of Frog. g, of a Monkey (Cerco- 


pithecus). 
they have separated from the epithelial layer in the wall of the ovary 
and testis, as well as the spermatozoa produced from the spermospores, 
respeetively belong to the category of free cells. The form and size 
of the spermatozoa present great variations. They always consist of 
a modified cell, frequently of a very small cell with a long flagellum, 
nucleus,'and remains of protoplasm. In many cases the head is 
elongated into a fibre-like structure, or is twisted like a corkserew 
(Birds, Selachians). Sometimes a distinet head is absent, and the 
spermatozoon is thread-like (Insects). In the Nematodes the sperm- 
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atozoon is hat-shaped; while in Crustacea it has the form of a cell, 
with long radiating processes (fig. 20). 

BEpithelial tissues consist of aggregations of cells which as 
simple or stratified layers cover the external and internal surfaces 
of the body, and line its closed spaces (endothelium). According to 
the different shape of the cells composing it, we distinguish eylin- 
drical, eiliated, and pavement epithelium. In the first case the cells, 
in consequence of the elongation of the long axis, are eylindrical 

(fig. 21, c); in the second, the free surface of the cells is beset with 
vibratile cilia or flagella (fig. 21, d), which are continuous with tbe 
living protoplasm of the cell. If only one flagellum projects from 
the cell (sometimes a flat cell fig. 21, 5) then the name flagellate cell 
is applied (collared cell of sponges, fig. 21,e). Finally, in the case of 
pavement epithelium (fig. 21, «) the cells are flattened; and if there 











Medusa). c, cylindrical cells. d, ciliated cell. e, flagellate cell with collar (from 
sponge). ‚f, cylindrical cell with porous border (intestinal epithelium). 


is more than one layer the superficial cells are flat, while those in 
the deeper layers are more and more rounded. 

While the cells of the lower layers retain their semi-Auid character, 
and are occupied in continual cell division and growth; those of the 
upper layers possess a firmer consisteney, gradually become horny, 
and are thrown off as scales or continuous flakes, to be replaced by 
the continuous growth of the lower layers. Thick stratified layers 
of cornified cells, almost fused with one another, give rise to indurated 
or horny structures (nails, claws, hoofs), which may form a more or 
less complete coat for the body and function as a protective exoskeleton 
(fig. 21, atof). 

There are also cells the free surface of which is distinguished by a 
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well-marked thickening. The protoplasm of the free surface of such 
cells becomes hardened so as to give rise to a thick superficial border, 


perforated at right angles to 
which give it a striated ap- 
pearance (intestinal epithe- 
lium, fig. 21,,/, epidermis cells 
of Petromyzon). If these 
thickened borders fuse to- 
gether so as to form a con- 
tinuous layer which obtains 
a certain independence, we 
obtain euticular membranes, 
which, according to their ori- 
gin, may be homogeneous or 
stratified (fig. 22, a, b, c), and 
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FıG. 22e.— Cu, cuticle with bristles in 
the condition of ecdysis. Cu, 
newly-formed cuticle (Branchipus). 


tain as a matrix their special cell or a process of it. 


its surface by a number of fine canals 


+ 





Fıs. 22.—a, Cuticle and hypodermis of the larva of 
Corethra. 5, cuticle and hypodermis of a Gastro- 
pacha caterpillar, with two poison glands beneath 
corresponding bristles. 


may exhibit various patterns of different 
kinds. Very frequently the surfaces 
of the individual cells are indicated on 
the eutiele as polygonal figures; and, 
in addition to the very fine pores, 
there are also found larger passages pro- 
duced by out-growth from the cells. 
These latter lead to the appearance of 
various cuticular appendages, such as 
hairs, bristles, scales, etc., which are 
placed on the euticular pores, and con- 
Cutieular 


membranes may obtain a very considerable thickness, and, by the 
deposition of calcareous salts, a high degree of firmness (carapace of 
Crustaces) so that they acquire the value of skeletal tissues, which, 
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however, it is generally diffieult to distinguish from certain connective 
tissues. 

While cutieular structures are solid secretions which are of use 
in supporting and giving a definite form to the organism, there are, 
on the other hand, various fluid seeretions proceeding from cells 
which give rise to no structures, and which are often of considerable 
importance from a chemical point of view. In this case the epithe- 
lium becomes glandular tissue. In the simple cases the gland is 
constituted of a single cell, the secretion of which either passes out 
through the free surface of the membrane, or a special opening in 
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Fıs. 24.—Gastric glands. a, their origin as in- 
vaginations of the epithelium, 5, perfect gas- 
tric glands. 


it (fig. 23). If several cells enter 
into the formation of a gland, 
they are arranged, in the simplest 
Fre. 23.—Unicellular glands. a, goblete cases, rounda central cavity, which 

cells from the epithelium of the small receives the seeretion. The glan d 


intestine of a vertebrate. 5, unicel- 
lular cutaneous gland of Argulus then has the form of a sack or 


ee blind tube, derived from an inva- 

duct. gination of the epithelium, either of 
the inner or the outer surface of the body, into the subjacent tissue. 

From this fundamental form the larger and more complicated 
glands are to be derived, as the result of continued regular and 
irregular outgrowth. While their form presents great variations, 
they are universally characterised by the transformation of their 
terminal portion into a duct; this differentiation may also appear 
in the simple glandular tubes, and even in the unicellular glands 
(figs. 23, 24). 
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2. The tissues of the connective substance. Under this term 
there are included a great number of different tissues which morpho- 
logically resemble each other in the presence of a greater or less 
amount of intercellular substance, intercalated between the cells (con- 
nective tissue corpuscles). They connect and surround other tissues, 
and serve as supporting and skeletal structures. The intercellular 
substance arises from the cells as a differentiation of the peripheral 
part of their protoplasm ; it cannot accordingly be genetically clearly 
distinguished from the cell membrane and its diflerentiations, which 
we have considered in connection with epithelial tissue. The cell 
walls already produced by the protoplasm may also become fused 
with the intercellular substance, and so contribute to its increase. 
The intercellular substance is usually secreted by the whole periphery 
of the cell, and presents great variations both in its morphological 
and chemical characters. 

When the amount of intercellular substance is small, the tissue is 
called cellular or vesicular connective tissue. This form is found 
especially in medus®, mollusces, and 
worms, and to a less extent in verte- 
brates (notochord, fig. 25), and is not 
sharply marked off from cartilaginous 
tissue. Embryonie connective tissue, 
which consists of closely aggregated 
embryonie cells, evidently closely re- 
sembles it. 

Mucous or gelatinous connective tissue 
is characterised by possessing a watery 
hyaline and gelatinous matrix. The 
condition of the cells in each case is 
different. Frequently they send out 
delicate, often branched processes # 

. . Fıg. 25.—Vertebra of larva ol’ a tond 
which anastomose with one another (after Götte). Ch, notochord cells; 
and form a network. In addition, OhS, notochord sheath ; Sk, skele- 

f togenous tissue; N, spinal cord. 

however, parts of the intercellular 

substance may be differentiated into bundles of fibres (Wharton’s 
gelatine in the umbilical cord). Such forms of tissue are found 
amongst the Invertebrata, e.g., in Heteropods and Medus&®, whose 
gelatinous disc, in consequence of the reduction or complete absence 
of cells, is reduced to a layer of soft or hardened connective tissue 
but little different in its origin, as a unilateral cell excretion, from 
cutieular structures (Hydroid Medusx, swimming bells of Siphono- 
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phora). The so-called secreted tissue of young Ctenophora, and the 
gelatinous tissue of Medus® and Echinoderm larvz, into which cells 
eventually migrate, being at first absent, has a similar relation 
(fig. 26). 





Fıe. 26.—Gelatinöus tissue of Rhizostoma. 7, fibrous network; Z, cells with processes; 
Z', the same in division. 

Reticular connective tissue consists of a network of star-shapel 
and branched cells, the spaces of which contain another kind of 
tissue element. In the so-called adenoid tissue, which functions as 
the supporting tissue of the lymph glands, the contents of the inter- 
cellular spaces are lymph corpuscles. 

A form of connective 
tissue very widely scat- 
tered amongst the Ver- 
tebrates is the so-called 
fibrillar connective tissue 
(fig. 27). This consists 
of a large proportion 
of spindle-shaped, or 
branched cells, and of & 
solid intercellular sub- 
stance, which is totally 
or partially broken up 
into bundlesofibresand 
possesses the property of 
yielding gelatine on boiling. If the protoplasm of the cells is mostly 
or entirely used up in the formation of fibres, fibrous tissue is produced 
with nuclei in the position of the original cells. Very often the 





Fıs. 27.—Fibrillar connective tissue, 
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fibres have a wavy outline, and are arranged nearly parallel to one 
another (ligaments, tendons). In other cases they cross one another 
at an angle in different direetions (dermis), or they present a net-like 
arrangement (mesentery). Fat tissue consists of ordinary connective 
tissue in which the cells are for the most part round and contain 
greater or smaller fat globules. 

If the normal fibrille and bundles of fibrille be treated with aecids 
and alkalies, they swell up, and a second form of fibre, which resists 
these re-agents, comes into view. These are the elastic fibres (fig. 28), 
so called because they preponderate in 
tissue which is especially elastic. They 
present a tendency to branch and to 
form networks, and often possess great 
strength (ligamentum nuchse, arterial 
walls). They may also be spread out and 
connected together so as to form a perfo- 
rated membrane (fenestrated membrane). 

Cartilage is another form of connectivi 
tissue. It is characterized by the shape \ 
of its cells, which are usually spherical, 
and its firm,intercellular substance. The 
latter contains chondrin, and determines Fıs. 28.—Elastic fibres, a; 
the rigidity of the tissue. Externally, re 
cartilage is covered by a vascular connective tissue-coat, known as 
the perichondrium. When the intercellular substance is very 
slightly developed, we get tissues which are transitional between 
cellular connective tissue and cartilage. 














Fıs. 29.—a, Hyaline cartilage with cells. b, Fibro-cartilage. 


According to its special constitution, three kinds of cartilage may 
be distinguished, viz., hyaline (fig. 29, «), fibrous (fig. 29, b), and 
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elastie cartilage ; the latter containing a network of elastie fibres. 
There are also intermediate forms, approximating to the fibrillar 
connective tissue, in which cartilage cells may be surrounded by 
bundles of connective tissue fibres. The cells are placed in spaces, 
which are usually round, in the intercellular substance, and are sur- 
rounded by firm layers which are separated off from the latter, and 
have the appearance of capsules. These so-called cartilage capsules 
were formerly looked upon as the membranes of the cartilage cells, 
analogous to the cellulose capsules of plant cells; a view of them 
which is not in any way opposed by what is known as to their 
development as secretions of the protoplasm. Nevertheless, the 
capsules stand in closer relation to the earlier formed intercellular 
substance which has been produced in the same way, in that they 
often fuse with it. The growth of the cartilage is accordingly in the 
main interstitial. We frequently see in the spaces in the cartilage 
several generations of cells 
surrounded by special capsules 
placed one within the other. 
In such cases the secereted cap- 
sules have remained separate 
from the intercellular sub- 
stance. Certaim kinds of car- 
tilage, moreover, have spindle- 
shaped cells, and sometimes 
the cells are prolonged into 
numerous radiating processes. 
Calcareous alte may s also be deposited in the intercellular substance 
in a greater or less quantity. In this way arises the so-called in- 
erusted cartilage, or the cartilage bone (fig. 30), which in the sharks 
is present as a persistent form of skeletal tissue, but in the higher 
vertebratesonlyas a transitional structure. Cartilage owes its special 
usefulness as a skeletal tissue to its rigidity. It is sometimes found in 
the Invertebrata (Cephalopoda, tubicolous worms such as Sabella, 
Celenterata), and very generally in the Vertebrata, whose skeleton 
always contains a certain amount of cartilage, and in fishes may be 
exclusively constituted of it (cartilaginous fishes). 

Osseous tissue possesses a still higher degree of rigidity. The 
intercellular substance is strengthened and hardened by the deposi- 
tion of carbonate and phosphate of lime, while the cells (the so-called 
bone corpuscles\ possess numerous fine processes which anastomose 
with each other (fig. 31 a, d, c). The cells oceupy spaces in the com- 





Fıe. 30.—Incrusted cartilage, or cartilage bone. 
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pact intercellular substance, which is also traversed by numerous 
canals, known as Haversian canals. These contain the nutritive 
blood-vessels and correspond exactly 
in their course and branchings 
to the latter. The intercellular 
substance consists of lamell®, which 
are arranged concentrically round 
the canals. The Haversian canals 
begin on the surface of the bone, 
which is covered by a vascular and 
nervous connective tissue layer, 
known as periosteum, and open 
into larger spaces (marrow spaces), 
which in the long bones occupy z a 
the axis of the bone, but in the Fıc. 3la.—Longitudinal section througha 
spongy bones have an irregular 1n& bono BR ERRE ECNNE 
distribution. 

In a second form of osseous tissue the cells themselves remain in 
the outer part of the excreted intercellular substance, and only their 








FıG. 315.—- T'ransverse section through a long FıG, 31e.—K, spaces containing the bone 
bone (after Kölliker). K, bone corpuscles ; corpuscles and their processes—they 
G, Haversian canals; Z, lamell®. open into the Haversian canal, He 


(after Kölliker), 


numerous processes, which run parallel to one another and are of 
great length, are embedded in it. The intercellular substance, 
which is hardened by the deposition of calcareous salts, is therefore 
traversed by a great number of fine tubes. It is deposited on one 
side only of the cells, and in its origin recalls the hard carapace 
of the Crustacea, which is similarly traversed by prolongations of 
cells. 

This kind of osseous tissue, traversed by fine parallel tubes, is 
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found in osseous tishes, and quite universally as the dentine of 
teeth (fig. 32). 
















Fıc. 32.—Section through the rootot a 
tooth (after Kölliker). C, cement; 
J,interglobular spaces; D, dentine 

‘ with dentinal tubes. 


of bones; and a primary was 
distinguished from a second- 
ary method of bone develop- 
ment. In reality the two 
processes resemble each other 
closely. For in the latter 
case, in conjunction with a 
precedent deposition of lime, 
of the cartilage, there is a 


With regard to its development, 
bone is preceded by soft connective 
tissue or by cartilage. In the first 
case, it develops by the transfor- 
mation of the connective tissue 
cells into bone corpuscles, and by 
the hardening of the intermediate 
tissue. More frequently it is pre- 
ceded by cartilage ; and this holds for 
a great part of the vertebrate skele- 
ton. Formerly great importance was 
attached to this difference in the origin 


Fıs. 33.—A section of ossifying cartilage (after 


Frey). a, Smaller marrow spaces placed in the 
cartilage; d, ditto, with cells of the cartilage 
marrow; c, remains of the calcified cartilage; 
d, larger marrow spaces; e, osteoblasts. 


and partial destruction or reduction 
new formation of a soft connective 


tissue-substance (osteogenic substance) from the centre outwards, the 
cells (osteoblasts) of which give rise to bone corpuscles, and the 
intermediate tissue becomes the hard basis of bone (fig. 33). More- 
over, cartilage bones grow in thickness at the expense of the 
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periosteum, the connective tissue of which is directly transforımed 
into bony substance. 

3. Muscular tissue. Weascribe the property of contractility to the 
protoplasm itself of the active cell; but we observe that, even in 
the protoplasmie body substance of the Infusoria, a strizted arrange- 
ment obtains in those parts in which the contractile function especially 
resides. Bya similar differentiation of the protoplasm certain cells 
and aggregations of cells possess 


4 cr 
in a much higher degree the Erz z 
power of contractility, and give ee 
a EERE 


rise to the so-called muscular 
tissue which serves exclusively for P 
movement. At the moment of 
their activity these cells undergo FıG. 34a.—Myoblasts of a Medusa 

a change of shape ; they become (Aurelia). 

shorter and broader than when at rest. 

In many Celenterata, cells are found in which a part only of the 
cell is developed into a contractile fibre. It is the deeper parts of 
such cells which give rise to 
delicate muscular fibres or net- 
works of fibres, while the 
superficially placed body of 
the cell “ (myoblast), the part 
which produces the above, 
performs other functions, and 
usually bears a cilium. In 
consequence of their epithelial- 





like arrangement, the myo- 
blasts receive the name of 
muscle-epithelium (fig. 34 a, 
b). In their further develop- 
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ment the greatest part of the 
Fıc. a re re of a Medusa cell protoplası appears to 
give rise to contractile muscle- 
substance; and sometimes the whole cell becomes elongated into a 
muscle fibre. 
Two kind» of musecles, which are morphologically and physiologically 
different, are to be distinguished, viz., the smooth mauscles, or con- 
tractile fibre-cells; and the eross-striped muscle-substance. 


* These cells have been called neuro-muscular cells; a misleading term, since 
it cannot be shown that they have had anything to do with the origin of 
ganglion cells. 
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In the first case we have to do with flat, spindle-shaped, or band- 
shaped elongated cells, and with layers of such cells. They reaet 
slowly to nervous stimuli; they enter the condition of contraction 
gradually, and remain contracted for some time. The contractile 
substance appears for the most part to be homogeneous, but it is 
sometimes longitudinally striated. The smooth muscles have the 
widest distribution amongst the 
Invertebrata ; but they are also 
found in vertebrates, in the walls 
of numerous organs (vessels, duets 
of glands, intestinal wall) (ig. 35). 

Cross-striped muscle consists 
of cells, more frequently of multi- 
nucleated so-called primitive bun- 
dles. It is characterised by the 
partial or complete transforma- 
tion of its protoplasm into a eross- 





Fıa. 35.—a, smooth muscle fibres isolated. 5, 
piece of an artery (after Frey); 1, outer 
connective tissue layer; 2, the middle Jayer 
formed of smooth muscle fibres; 3, non-nu- 
cleated inner layer. 


striped substance, consisting of 
special doubly refracting elements 
(sareous elements) connected to- 
gether by a simply refracting inter- Fıc.36.—a, Primitivefibre. d,cross-stripod 
mediate substance (fig. 36, a, b). Re ern Sense; an 
Physiologically, this form of mus- 

cular tissue is characterised by the energetice and considerable 
contraction which immediately follows its excitation, a property 
which renders it especially suitable for the carrying out of powerful 
movements (muscles of vertebrate skeleton). 

In the simplest cases the eross-striped fibrille are produced by the 
deeper parts of the myoblasts, which form a continuous flat surface 
epithelium (muscle epithelium) above the layer of delicate fibres 
(Medus® and Siphonophora) (fig. 34 5). In the higher animals they 
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arise from the transformation of a greater quantity of protoplasm, 
and almost the whole contents of the cell are concerned in their 
production. Rarely the cells remain single, and never acquire more 
than one nucleus, so that the muscle is composed of only a single cell 
(eye muscles of Daphnia). Sometimes the cells become elongated 
into long fibres, the primitive bundles ; the nuclei at the same time 
increase in number, and a membrane, the sarcolemma, becomes 
developed on the outer surface of each fibre. More frequently, 
however, the primitive bundles arise by the fusion of several cells 
placed in a row. Either the nuclei come to lie close to the sarco- 
lemma in a peripherally-placed layer of finely granular protoplasm, 
or they are arranged in a row in the axis of the fibre in some finely 
granular non-contractile protoplasm. The finer and coarser muscular 
bundles are composed of many primitive bundles (fibres) placed close 
together and held together by connective tissue. The fibrillation of 
the muscular bundles corresponds to the direetion of the primitive 
bundles (muscles of Vertebrata). Finally, both the simple cells, and 
the multi-nucleated muscles which arise from them, may be branched 
(heart of Vertebrata, intestine of Arthropods, ete). 

4. Nervous tissue. As a rule, nervous tissue is found with mus- 
cular tissue, and is the means by which stimuli are conveyed to the 
latter; but above all, it is the seat of sensation and the will. With 
regard to this important function it would appear probable that in 
phylogeny the elements of nervous tissue have not arisen in con- 
nection with muscular tissue, but in connection with the sense 
cells found in the skin, £.e., differentiated eetoderm cells, and that 
then, still remaining connected with the sense-cells, they have 
travelled inwards into the subjacent tissue ; while the connection 
with the muscle-cells, which at first possessed an independent 
irritability, is only secondary. 

Nerve-tissue contains two distinet structural elements, nerve cells 
or ganglion cells, and nerve fibres; both possess a distinet minute 
structure and molecular arrangement, as well as chemical compo- 
sition. 

The ganglion cells act as centres for nerve-stimuli, and are found 
especially in the central organs which are known as brain, spinal 
cord, or simply ganglia. They usually possess a finely granular 
contents, with a large nucleus and nucleolus and one or more pro- 
cesses (unipolar, bipolar, multipolar, ganglion cells), one of which 
is the root of a nerve fibre (fig. 37, a, b). 

Frequently the ganglion cells are enclosed in connective tissue 
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sheaths, which are prolonged over their processes and so over the 
nerve fibres.. Very generally several ganglion cells are enclosed 
in a common sheath. ' 

Nerve fibres are either centrifugal, 2.e., they carry nervous impulses 
from the central organ to the peripheral organs (motor, seeretory 
nerves) ; or they are centripe- 
tal, £.e., they carry them from 
the periphery to the central 
organs (sensory nerves). They 
are prolongations of ganglion 
cells, and, like them, are fre- 
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Fıs. 37.—a bipolar ganglion cell. d, nerve cell, 
from the human spinal cord (anterior cornu), 
(after Gerlach). P, pigment body. 





quently enclosed in a nucleated sheath. NS a 
The larger and smaller nerves are Schultze). a, non-medullated sympa- 

thetic fibre. 5, medullated fibres, one 

composed of a number of such fibres s# them with EN 

bound together. According to the of the axis cylinder. c, medullated 
nerve fibre with the sheath of 


minute structure of the nervous sub- ER, 


stance we distinguish two kinds of 

nerve fibres—(1) the so-called medullated nerves, with a double 
contour; (2) the non-medullated or naked axis cylinders (fig. 
38, a, b, c). 

The former are distinguished by the fact that, on the death of 
the nerve and as the result of coagulation, a strongly refractile 
fatty substance which forms a sheath for the nerve fibre comes into 
view. This sheath is known as the medullary sheath, and the 
central fibre as the axis eylinder. The medullary sheath disappears 
near the ganglion cell, the axis cylinder only entering the protoplasm 
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of the latter. They possess in addition an outer sheath, known as 
the sheath of Schwann (cerebro-spinal nerves of most vertebrates). 
In the second form, £.e., in the non-medullated nerve fibres, the me- 
dullary sheath is absent, the axis cylinder being either naked or sur- 
rounded by a connective tissue sheath. The axis cylinder here also 
is connected with a ganglion cell (sympathetie nerves, nerves of 
Cyclostomata and Invertebrates). Very often, however, and this is 
especially the case with sense nerves, we find that the axis cylinder 
may break up into very fine nerve fibrille, and be, so to speak, 
resolved into its elements. 
Finally, the nerves of In- 
vertebrates very often appear 
as finely striated bundles of 
fibrille, in which, on account 
of the absence of a sheath, it 
is not possible to recognise 
the limits of the individual 
axis cylinders. . 
Peripherally the sensory 
nerves become connected with 
accessory structures (end-or- 
gans), derived usually from 
epithelial cells and their cuti- 
eular products, or rarely from 
connective tissue substance 
(tactile organs). The end- 
organs are therefore for the 
most part derived from modi- 
fied epithelial cells (sensory 


epithelium). Ganglion cells Fe. 30.—Rod-shaped sense cells from the olfac- 


ently found inser tory organ (after Max Schultze). a, from the 
ars frequ ly S inserted frog ; Sz, supporting cell between two ciliated 


in the course of the nerve od-celle. 5, from man. ce, from pike. Pro- 
fibres close to their termination bable connection between the nerve fibrille 


and the sense cells. 
(fig. 39, a, b, c.) 
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INCREASE IN SIZE AND PROGRESSIVE DIFFERENTIATION, DIVISION OF 
LABOUR AND PERFECTION. 


The lowest organisms possess neither tissues nor organs formed 
from cells. The whole organism consists of a single cell. The body 
of such an animal is composed of protoplasm, and its skin of the 
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- cell membrane. The latter is often without an opening for tbe 
entrance of solid bodies ; the entrance of food being entirely efiected 
by endosmosis. In such cases, e.g., in the Gregarines and parasitie 
Opalines, the outer body-wall sutüces, like the membrane of the cell, 
for the performance of such vegetative functions as the absorption 
of food and the removal of the excretory products. The protoplasın 
(sarcode) constitutes the body parenchyma, and is the seat of the 
animal and vegetative vital activities. 

Accordingly there results a definite connection between the 
functions of the peripheral layer and of the included mass, in which 
the processes of animal and vegetative life are carried on. This 
connection pre-supposes a definite relation between the superficial 
area of the surface and the size of the mass, and this relation changes 
as growth proceeds. For while the surface increases by squares, the 
mass increases by cubes ; while the mass increases in three dimensions, 
the surface only increases in two, and therefore as growth proceeds 
the relation changes to the disadvantage of the latter. In other 
words, with increase of size the superficial area becomes relatively 
smaller. Finally it becomes relatively so small that the vegetative 
processes cannot be carried on, and it is necessary for the mainte- 
nance of life that for a given energy of life it should be increased 
by the production of new surfaces, 

This holds not only for the simple unicellular organisms, which 
resemble cells in their nutritive processes, but also for cells them- 
‚selves whose size never exceeds certain fixed limits. Further, as 
the organism increases in size, not only does it divide into several 
cells, but these cells arrange themselves in such a way as to give 
the largest possible extent of surface. The cellular organism accord- 
ingly acquires not only an outer but also an inner surface on which 
the cells are arranged in a regular layer. With the appearance of 
an inner surface, a division of labour is established. The outer layer 
carries on the animal functions and such vegetative processes as 
those of respiration and excretion, while the inner (digestive cavity) 
serves for the reception und digestion of food. 

We thus see that increase in size must not only be accompanied by 
an increase in the complexity of organisation, but must also bring out 
at the same time the essential characteristics of animal organization. 

The numerous cells developed from the original simple organism 
were at first equivalent to one another, and all endeavoured to take up 
aperipheral position (colonies of Protozoa— Volvo®—Blastosphere) (fig. 
40, a, b.) Then, in consequence of the needs of the growing organism, 
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it became necessary that they should be divided, so as to bound two 
surfaces, into an external and an internal layer ; the one forming 
the outer wall of the body and known as eetoderm, and the other 
lining the central cavity (digestive 
cavity) known as endoderm ; these 
two layers being continuous with 
one another at the opening of the 
central digestive cavity, or mouth 
opening (fig. 40 c). The cells of 
the two layers, in correspondence 
with the difference in their function, 
possess a different structure. Those 
of the outer layer, which carıy on 
the animal functions, are usually 
eylindrical ciliated cells containing 
a pale albuminous substance ; those 
of the inner layer are more rounded 
and of a darkly granular aspect; 
they may also bear cilia for the 
movement of the contents of the 
cavity which they line. In actual 
fact we find this form, which from 
a physiological standpoint is the 
simplest organism with cellular dif- 
ferentiation that we can conceive 
of, realised in the two-layered “ gas- 
trula,” which appears in the de- 
velopment of almost all groups of 
the animal kingdom as a free- 
swimming larva, and to which the 
adult sexually mature Celenterate 
«Josely approximates. 

As the organism increases in 
size, additional complications ensue. | En 
These result partly from a still fur- 7,6. 40,—a, Gell colony of young Volvox 
ther increase of surface brought Globator (after Stein). b, Blastosphere 

2 B a stage of an Acalepha larya (Aurelia 

about by secondary invaginations yurita). c, Gastrula stage of b; Er, 
and partly from the appearance of Ectoderm; En, Endoderm; o, Blasto 
some intermediate tissue placed be- Pre (mouth of Gastrula). 
tween the two primary layers. The secondary invaginations perform 


special functions and give rise to glands; while the intermediate 
4 
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tissue, developed from one or both of the primary layers, primitively 
serves as a support for the body and forms the skeleton; and it alsc 
gives rise to muscles which increase the organism’s power of move- 
ment and apply themselves, on the one hand, to the ectoderm 
(somatie muscles), and on the other, to the endoderm (splanehnie 
muscles). Between the primary layers of the body there is primi- 
tively present a space, the primary body cavity.* Subsequently a 
_ second space, developed as a split in the intermediate tissue may 
appear, giving rise to the secondary body cavity.? From the latter 
the vascular system is developed. 

Contemporaneously with the appearance of muscles a nervous 
system is usually differentiated from modified cells of the outer layer. 
Outgrowths from the body also are developed, which may have either 
a radiate or a bilateral arrangement. They take the form either of 
organs of nutrition (gills) originating from the need for an increase ci 
surface, or of organs of prehension and movement (tentacles, limbs). 

The inereasing complexity of organization depends, therefore, not 
only upon the extension of the surfaces endowed with vegetative 
functions, and on the appearance of the organs of animal life, but 
also on a progressing process of division of labour; which results in 
a clearer and more definite localization of the various functions, 
necessary for the maintenance of life, in special organs. The greater 
this specialization the more completely will each organ be able to 
discharge its special functions, and supposing a proper co-ordination 
between the working of all the organs, a great advantage accrues 
to the organism, which is thereby rendered capable of a higher and 
more complete life. Therefore we find, as a general rule, that the 
larger the body and the more complex the organization, the higher 
and more perfect is the life. In this relation, however, the form and 
arrangement of the organs which characterize the various groups 
(types), as well as the special conditions of life which are limited by 
them, must be taken into account as compensating factors. 


CORRELATION AND CONNECTION OF ORGANS, 


The organs of the animal body stand in a mutually limiting rela- 
tion to one another, not only in their form, size, and position, but 
also in their actions; for since the existence of an organism depends 
upon the blending of the individual performances of all its organs 
to a united manifestation, the various parts and organs must all, in 


* Usually known as segmentätion cavity.—ED. 
+ Usually known as “ body cavity,” or “ caelom.”—En, 
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a definite and regular manner, be adjusted and subordinated to one 
another. This relation of dependence, necessarily resulting from the 
conception of the organism, has been very suitably termed “ Oorre- 
lation” of organs; and many years ago served for the establishment 
of several principles, the cautious application of which has been of 
great service to the comparative method. 

Each organ, in order that it may properly discharge the functions 
which are requisite for the maintenance of the entire machine, must 
comprise a certain number of working units, and consequently must 
have a certain size and possess a form dependent partly on its func- 
tions and partly on its relation with other organs. If an organ 
becomes abnormally enlarged it increases at the expense of the sur- 
rounding organs, and the form, size, and function of the latter 
become injuriously modified. Fromthis isdeducedthe principleto which 
Geoffroy St. Hiliare gave the name—if he was not the first to recognise 
it—of the “ principe du balancement des organes,” and this enabled that 
investigator to establish the doctrine of “ Abnormalites” (Teratology). 

The organs which are physiologically similar, &.e., organs which per- 
form in general the same function, as, for instance, the teeth or the 
alimentary canal or the organs of movement, undergo great and 
various modifications; and the particular methods of nutrition and 
habits of life, as well as the external conditions which must be ful- 
filled if the life of any particular genus is to continue, depend upon 
the special arrangement and action of the individual organs. Given 
therefore the special form and arrangement of a particular organ or 
part of an organ, it is possible to arrive at conclusions concerning 
the special structure, not only of many other organs, but even of 
the entire organism, and to reconstruct to a certain extent the whole 
animal so far as its essential features are concerned. This was first 
done by Cuvier for many extinect Mammalia, with the aid of scanty 
fragments of fossil bones and teeth, in a masterly manner. 

If we regard the life of the animal and its maintenance, not as the 
result, but as the end sought, as the aim of all the special arrange- 
ments and actions of the individual organs and parts, we are led to 
the “ prineipe des causes finales” (des conditions d’ewistence) of Cuvier, 
and consequently to the so-called teleological doctrine by which we 
certainly do not attain to a mechanico-physical explanation. However 
that may be, this theory, if it be regarded merely as an expression 
of the reciprocal relations which necessarily exist between the form 
and function of the parts and of the whole, and not in the Cuvierian 
sense as implying the existence of design, renders important and 
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indispensable service to the understanding of the complicated eorre- 
lations and the harmonious adjustments in the organie world. 

The same plan of structure and arrangement of the organs is not 
found, as Geoffroy St. Hilaire asserted in his theory of analogies, 
in the whole animal kingdom ; but, on the contrary, there are, as 
Cuvier stated, several plans of organization or Zypes. The term 
“Type” was applied by Cuvier to the chief, ©.e., the most compre- 
hensive and general divisions of his system; and each type was 
distinguished by the sum of the characters of its form and structure. 
In the essential characteristics of their structure, the higher and 
lower members of the same type agree, while in the unimportant 
details they present the most marked differences. The different 
types themselves do not represent absolutely isolated groups, nor 
groups which are exactly equivalent to one another, but in a greater 
or less degree they are related to one another ; this is evident after 
an examination of the lower forms and a careful comparison of the 
developmental histories. 

To morphology belongsthe task of pointing out the identity or plan 
under the most diverse conditions of organization and habits of life, 
not only among animals of the same group but also between those of 
different groups. This science has for its object the determination 
of homologies, as opposed to analogies which concern the similarity 
of function, 2.e., the physiological equivalence of organs found in 
different groups, e.g., the wing of a birdand that of a butterfliy. That 
is to say, it has to trace back to the same primitive structure parts 
of organisms belonging to the same or different groups, which with 
a different structure and under deviating conditions of life discharge 
different functions; as, for example, the wing of a bird and the 
fore-imb of a mammal; and so to show their morphological 
equivalence. In the same way the organs of similar structure which 
are repeated in the body of the same animal, e.g., the fore and hind 
limbs, are designated as homologous. 


THE STRUCTURE AND FUNCTION OF THE COMPOUND ORGANS, 


The vegetative orgams comprise the organs of nourishment which 
are necessary for all living organisms, whether animal or vegetable, 

In the former, however, they gradually and in the most intimate 
connection with the progressive development of the animal functions, 
attain a higker and more complicated structure. In animals, the 
reception of food is followed by its digestion. The substances to be 
assimilated, which have been made soluble by digestion, enter a 
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nutrient fluid (blood) which permeates the body, and is carried in 
more or less definite tracts to all the organs. To the latter the 
blood yields its ingredients, and receives from them such decom- 
position products as have become useless, and carries them away to 
be exereted in definite organs. The organs which serve for the 
performance of the different functions of nutrition and excretion 
ee 
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Fıc. 41.—Rotalia veneta (after M. Schultze) with a diatora caught in the psendopodial 
network. 
consist of the apparatus for the reception of food and for its diges- 
tion, and for blood ‚formation; and of the organs of cireulation, 
respiration, and of eweretion. 
Digestive organs. Even animals which have only the value of a 
single cell (Protozoa) swallow solid particles of food. This is effected 
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in the simplest cascs, as in the Am@bs® and Rhizopoda, by prolon- 
gations of the sarcode (pseudopodia) surrounding the foreign body 
(fig. 41). In the Infusoria, which are covered by a firm ceuticle, 
there is a central semi-fluid mass of sarcode (endoplasm), which is 
distinet from the more compact peripheral layer of sarcode (ecto- 
plasm), and which receives the nutrient substances through the 
mouth and digests them. 
Rows of larger cilia are 
present, which serve the 
purpose of procuring food 
(adoral eiliated zone of the 
Ciliata) (fig. 42). 





Fıs. 42,—Stylonychia mytilus Fıs. 48.—Longitudinal section through the 
(after Stein) viewed from the body of an Anthozooid (Octactinia). 
ventral surface; IPz, adoral M, stomachic tube with the mouth open- 
zone of cilia; C, contractile ing in the centre of the feather-like tenta- 
vacuole; N,nucleus; N’,‚nucle- cles; M/f, mesenteric folds; @, genital 
olus (paranucleus); 4, anus. organs, 


Among the animals with cellular differentiation (Metazoa), the 
internal cavity of the body in the Celenterata (morphologically 
identical with the alimentary cavity and not with the body cavity 
of other animals) functions as a digestive cavity, and its peripheral 
adially arranged portions as a system of vascular canals (gastro- 
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vascular canals). In the larger Polyps (Anthozoa) a tube derived 
from an invagination of the oral dise projects into the central part 
of the digestive cavity. This is known as the stomach of the polyp, 
although it serves entirely for the introduction of food, and should 
be called rather the buccal or esophageal tube (fig. 43). 

Organs for the prehension of food are found even with this simple 
digestive system. For near the mouth are placed radially or bilate- 
rally arranged appendages or processes of the body, wlıich set up 





Fıs. 44.—Aurelia aurita seen from the oral surface. MA, the four oral tentacles with the 
mouth in the centre; Gk, genital folds; @H, opening of the genilal pouches; Ak, mar- 
ginal bodies; K@, radial canals; T', tentacles at the margin of the disc. 


eurrents to convey small particles of food, or as tentacles seize foreign 
bodies and convey them to the mouth (Polyps, Meduse) (fig. 44). 

Such appendages serving for the capture of prey may also be 
placed further from the mouth (tentacles of Medus», Siphonophora, 
Ctenophora). 

When the digestive cavity acquires a wall distinet from the body 
wall, and usually separated from the latter by the body cavity (ex- 
cepting the parenchymatous worms), it appears in the simplest cases 
as a blind tube, which may be either simple, bifurcated, or branched 
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(fig. 45), with sharply marked off pharyngeal structures (Trematoda, 
Turbellaria), or as a tube communicating with the exterior by an 
anus (fig. 46). 

In the last case it becomes divided so as to lead to the distinetion 
of three parts—(1) of the fore-gut (esophagus) for the reception 
of the food, (2) of the mid-gut for the digestion of the food, and 
(3) of the hind-gut for the expulsion of the undigested remains of 
the food. Sometimes the alimentary canal aborts; and, as in the 
mouthless Protozoa (Opalina), the mouth opening may be absent 
(Acanthocephala, 
Cestoda, Rhizoce- 
phala). 

In the higher 
animals, usually, not 
only is the number 
of the divisions 
greater, but their 
shape and structure 
becomes more com- 
plicated. The organs 
for the seizure of food 
also become more 
complicated, and the 
appendages placed 
nearest the mouth 
often beeome modified 
to subserve this func- 


Fıs. 45. — Alimentary Fi. 46.—Alimentary canal of tion. A special 
canal of Distomum a young nematode. O, mouth; ' 
hepaticum (after R. 08, fore-gut (@sophagus) with chamber, the buccal 
Leuckart); D, alimen- pPhäryngeal dilatation, PA; D, cavity, becomes 
tary canal; O, mouth. mid-gut; A, anus. 





marked off from the 
fore-gut, in front of or within which hard structures, such as jaws and 
teeth, for the seizure and mastication of the food are placed (Vertebrata, 
Gastropoda); and into which secretions (salivary) having a digestive 
function are poured. The masticatory organs are sometimes placed 
completely outside the body in front of the mouth, and consist of modi- 
fied limbs (Arthropoda), which in the parasites are metamorphosed into 
structures for piereing and sucking ; or they may have shifted so as 
to lie entirely within the pharynx (Rotifera, errant Annelids) or in a 
museular dilatation of the posterior end of this organ. At this place 
there is usually developed a widened chamber, the stomach, which by 
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repeated mechanical action (masticatory stomach of Cray-fish) or by 
the secretion of digestive fluids (pepsin) furthers digestion ; or it 
may, as in birds, subserve both these functions. From the stomach 
the food passes into the mid-gut. Dilatations and out-growths of the 
buccal cavity give rise to cheek and 
throat pouches, of the @osphagus to 
the crop, of the stomach to blind sacs 
which serve as reservoirs for the food 
(stomach of Ruminants) (figs. 47 & 48). 

In the middle 
section of the 
alimentary ca- 
nal,orintestine, 
the _digestive 
processes, al- 
ready com- 
menced in the 
mouth by the 


action of the Fıg. 47.—Alimentary canal and ac- 


salivary secre- cessory glands of a caterpillar. 
: O, mouth; Oe, &sophagus; Sp D, 
tion and con- salivary glands; Se, spinning 
tinued in the glands; MD, intestine (mid-gut); 
AD, rectum (hind gut); MG, Mal- 

stomach by the _pighian tubes. 

action of the 

pepsin of the gastrie juice (upon albumins 
in an acid solution), is completed. The food 
constituents which have been so far unacted 
upon (chyme) are in the intestine submitted 
to the action of the secretions of the liver, 
pancreas, and intestinal glands, and by them 
converted into the chyle, which is absorbed 
by the intestinal walls; the albumins being 
converted, as in the stomach, into soluble 
Fıs. 43.—Alimentary canal ot modifications by the action of trypsin 
eh Fra (acting, however, only in alkaline solutions). 
0e, @sophagus; $, sucking The intestine often attains a great length, 
Es, Werra "ehr „nd becomes divided into regions possessing 
a different structure; e.g., in the intestine of 
mammals three regions can be distinguished—duodenum, jejunum, 
and ileum. Its surface is, as a rule, increased by the develop- 
ment of folds and villi, and sometimes of outgrowths. Amongst 
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the Invertebrata it is often possible to distinguish an anterior 
especially widened portion of the intestine, which receives the hepatie 
secretion and is called stomach from the posterior, narrower, and 
longer section, which is known as intestine. 





Fıg. 49.—Alimentary canal of a bird. 0Oe, 
asophagus; X, crop ; Dm, proventriculus ; 
Kın, gizzard ; D, small intestine; ?P, pan- 
creas placed in the loop of the duodenum; 
H,liver; C, thetwo cxca; U, ureter; Ov, 
oviduct; Ad, large intestine; XI, cloaca, 


rentiated into glands. 


The hindermost section of the 
alimentary canal or hind gut, 
which is not always sharply 
marked off from the intestine, 
is especially concerned with the 
collection and expulsion of the 
undigested remains of the food, 
or feces. It may also possess 
cxecal appendages attached to its 
anterior part, and possessing a 
digestive function. In the lower 
animals it is a small structure, 
but in the higher animals it at- 
tains a much more considerable _ 
length, and receives anteriorly 
one (Mammalia) or two (Birds) 
execa, and it may be sub-divided 
into two parts, known as large 
intestine and reetum; in the 
Vertebrata its hind end receives 
the ducts of various glands (kid- 
ney, generative organs, anal 
glands). It may in addition dis- 
charge other functions, e.g., a 
respiratory (larv» of Libellulid») 
or a secretory function (larva of 
Ant Lion). 

The salivary glands, liver, and 
pancreas are to be regarded as 
outgrowths of the alimentary 
canal which have become diffe- 


The secretion of the salivary glands is BEE into the buccal 
cavity, and there performs two functions—(1) it dilutes the food, 
(2) it has a chemical action upon it, converting the starch into 
sugar : they are absent in many aquatic animals and are especially 


developed in herbivorous animals, 
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The liver, distinguished in the higher grades of development by 
its great size, is an appendage of the first part of the small intestine 
(duodenum). The first trace of it is met with in the lower animals 
in the form of a characteristically coloured part of the cellular 
covering of the gastrie cavity or intestinal wall (Ceelenterata, 
worms). In the higher animals it has at first the form of a small 
blind sac (small Crustacea) ; this, by a process of branching, is con- 
verted into a complicated struc- 
ture composed of ducts and folli- 
cles, which may become connected 
together in very different ways 
so as to give rise toan apparently 
compact organ. Nevertheless, it 
must be remembered that, in the 
different groups of animals, 
glands, which differ both mor- 
phologically and physiologically, 
are included under this term, 
“]iver.” While in the Verte- 
brata the liver, as a bile-pro- 
ducing organ, possesses no known 
relation to digestion, in the In- 
vertebrata the secretions of many 
glands, which are generally called 
“]iver,” but which would be 
more appropriatelytermed hepato- 
pancreas, exercise a digestive 





action upon starch and albumen, 
and at the same time contain 
bye-products and colouring mat- 
ters similar to those found in the 
bile of Vertebrates (Crustacea, 
Mollusca). 


Fıe. 50.- Alimentary canal of Man. 0Oe, 
@sephagus; M, stomach; Z, spleen; H, 
liver; Gb, gall bladder; P, pancreas ; 
Du, duodenum receiving the bile and pan- 
ereatic ducts; Jl,ileum; Co, colon ; Coe, 
c®cum with vermiform process, Pv; KR, 
rectum. 


The Organs of Circulation. The nutrient material or chyle re- 


sulting from digestion is distributed by a system of spaces to all 
parts of the body. Excluding the Protozoa, in which the distribution 
of nutrient material is effected in the same manner as in the cell or 
tissue unit, the simplest form of vascular system in animals with 
cellular tissues, i.e., in the Metazoa, is found in the Coelenterata. 
In these animals the digestive cavity itself extends to the extreme 
periphery of the body, and serves to distribute the nutritive fluids 
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(gastro-vascular system of Polyps, so-called vessels of Medus# and 
Ctenophora). The so-called stomach of the Anthozoa is simply an 
invagination of the body wall into the central cavity of the animal, 
and functions only as @sophagus. 

When a distinet alimentary canal is present, the chyle is absorbed 
by the walls of the gut, and passed through them into the c@lom or 
space developed between the gut and body walls (into the general 





Fıe. 51.—Daphnia with simple heart. (, the slit-like opening on one side is seen; D, 
alimentary canal; Z, liver; A, anus; G, brain; O, eye; Sd, shell gland; Br, brood 
pouch placed dorsally beneath the carapace, 

tissue of the body in the ac®lomate parenchymatous worms), and 

there gives rise to a fluid, the blood, in which (with some few 

exceptions) corpuscles (cellular structures produced in the organism) 
are found. In this space, or in a system of lacun® derived from it, 
the blood ceireulates. Primitively its movements are quite irregular, 
taking place with each movement of the body (as in many worms), 
and are effected chiefly by the contractions of the somatie muscles 
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(Ascaris), but also by the movements of other organs, e.g., the 
alimentary canal (Cyclops). At a higher stage of development a 
rudiment of the central organ of the circulation appears, in that a 
special section of the blood path acquires a muscular investment, 
and as a pulsating heart, comparable to a force and suction-pump. 





rl 
FıG. 52.—Male of Branchipus stagnalis with many- 





chambered heart or dorsal vessel Rg, the lateral Fıg. 53.—Heart of a Copepod 
openings in which are repeated in every seg- (Calanella) with an ante- 
ment. D, intestine; M, mandible; $d, shell rior artery, A. Os, cstia; 
gland; Br, branchial appendage of the llth pair V, valves at ths arterial 
‘of legs; T, testis. ostium ; M, muscle. 


maintains a continuous circulation of the blood. The heart is either 
sac-shaped, with two lateral or one anterior slit-like opening (Daphnia, 
Calanus) (fig. 51), or elongated and divided into successive chambers 
and perforated by many pairs of slit-like openings (Insects, Apus) 
(fig. 52). Asa rule, each chamber possesses a pair of laterally placed 
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ostia, provided with lip-like valves, which act so as to allow the blool 
only to enter the organ. 

From the heart, as central organ of the circulation, well defined 
canals, the blood vessels, are then developed, which in the Invertebrata 
may alternate with lacun® not provided with walls. In the simplest 
cases it is only the tracts along which the blood travels from the 
heart which are provided with independent walls, and developed into 
blood vessels (marine Copepoda, Calanella, fig. 53). At a higher 
stage of development not only do these efferent vessels acquire a 
more complicated structure, but a part of the lacuna-system, especially 
in the neighbourhood of the heart, acquires a membranous invest- 
ment, and gives rise to vessels which carry the blood back to the 





Fıe. 54.—Heart and blood vessels and gills of the crayfish. C, heart, in a blood sinus; with 
Ps several pairs of ostia; 4Aec, cephalic aorta; A.ab, abdominal aorta; 4s, sternal 
artery. 


pericardial sinus, from which it passes through the venous ostia into 
the heart (Scorpions, Decapods) (fig. 54). 

In other cases (Molluscs) the blood flows directly from the afferent 
vessels into the heart, the walls of the vessel being directly continuous 
with the walls of the heart. The heart in such cases consists of two 
chambers, the one known as auricle serves for the reception of the 
returning blood, the other known as ventricle for its propulsion 
(fig. 55). 

The vessels passing from the ventriele and carrying the blood from 
the heart are called arteries ; those returning the blood to it arc 
called veins, and, in the higher animals, are distinguished from the 
arteries by their thinner walls. Between the ends of the arteries 
and the beginning of the veins the body cavity intervenes either as 
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a blood sinus or as a system of blood-lacun®; or the arteries and 
veins are connected by a network of delicate vessels, the capillaries. 
If the connection between arteries and veins is effected by capillaries 
in all parts of the vascular system, and the body cavity, asin the 
Vertebrata, no longer functions as a blood sinus, the vascular system 
is spoken of as being completely closed. 

In the Vertebrates and segmented worms the vascular system ob- 
tains a considerable development before a true heart is differentiated 
init. At Srst rhythmically pulsating sections, very frequently the 
























































Fıg. 55.—Nervous system and circulatory organs of Paludina vivipara (after Leydig). BE 
tentacle; Oe, @sophagus; (9, cerebral ganglion with eye; ?g, pedal ganglion with 
adjacent otocyst; Yg, visceral ganglion ; Phg, pharyngeal ganglion ; A, auricle of 
heart; Ve, ventricle; Aa, ablominal aorta; Ae, cephalic aorta; V, vein; Ve, afferent 
vessel. Br, gill. 

dorsal vessel, or the lateral vessels connecting this with the ventral 

vessel (fig. 56), serve for the propulsion of the blood. 

Similarly amongst the Vertebrata, the lancelet (Amphioxus) 
possesses no distinctly differentiated museular heart, the function of 
that organ being discharged by various parts of the vascular system 
which are contractile. The arrangement of the vessels supplying 
the pharyngeal section of the alimentary tract, which has a respiratory 
function and is known as the branchial sac, admits of a comparison 
with the vascular arrangement of the segmented worms, and repre- 
sents the simplest form of the vertebrate vascular system. The 
longitudinal vessel which runs in the ventral wall of the branchial 
sac gives off numerous lateral branches, which ascend in the branchial 
walls. These lateral vessels are contractile at their point of origin 
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from the ventral vessel. The anterior pair, placed behind the mouth, 

unite beneath the notochord to form the root of the median body 

artery (descending or dorsal aorta) which receives the hinder succes- 

sive pairs of lateral vessels. 'This dorsal artery gives off branches to 

the muscles of the body wall and the viscera, from which the venous 

’ blood in part is returned to the ventral pharyn- 
geal vessel; part of it, however, before reaching 
the latter, traverses a capillary network in the 
liver. 

From the hinder part of the ventral pha- 
ryngeal vessel there is developed, in the higher 
Vertebrata, the heart, which at first has the 
shape of an S-shaped tube, but later acquires 
a conical form and becomes divided into auricle 
and ventricle. The former receives the blood 
returning from the body and passes it on into 
the more powerful ventricle, from which arises 
an anterior vessel, the ascending or cardiac 
aorta, presenting a swelling at its root, known 
as the aortic bulb. This vessel leads, by means 
of lateral vascular arches, the arterial arches, 
into the dorsal aorta, which passes backwards 
beneath the vertebral column, and supplies the 
body. Valves placed at the two ostia of the 
ventricles regulate the direction of the blood 
stream ; and they are so arranged as to prevent 





Fre. 56.—Anterior part my Fackward flow of blood from the cardiac 


of the vascular system 
of an Oligochzte worm 

' (Szenuris) (after Ge- 
genbaur). In thedor- 
sal vessel the blood 
moves from behind 
forward; in the ven- 
tral vessel from before 
backwards (see ar- 
rows). ZH, heart-like 
dilated transverse 
lateral vessels. 


aorta into the ventriele in diastele, and from 
the ventricle into the auricle in systole. 

In consequence of the insertion of the respi- 
ratory organs on to the system of the arterial 
arches, the latter, and at the same time the 
structure of the heart, assumes various degrees 
of complication. In fishes (fig. 57), four or five 
pairs of gills are inserted in the course of the 


arterial arches, which break up into a respiratory capillary net- 
work in the branchial leaflets. From this network the arterialised 
blood is colleeted into efferent branchial arches, the branchial veins, 
corresponding each to a branchial artery ; and these unite to form 
the dorsal aorta. In such cases the heart remains simple, and 
veceives venous blood, 
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With the appearance of lungs as respiratory organs (Dipnoi, 
Perennibranchiate Amphibia, larve of Salamanders and Batra- 
chians) (fig. 58), the heart obtains a more complicated structure, 


II 


Fıe. 57.—Diagram of the circulatery 
organs of an osseous fish. V, 
ventricle ; Ba, aortice bulb with the 
arterial arches which carry the 
venous blood to the gills; 4o, 
dorsal aorta into which open the 
vessels from the gills or branchial 
veins Ab. N, kidney; D, alimen- 
tary canal; Lk, portal circulation. 





in that the auricle becomes divided 
into a right and left division, the 
latter of which receives the arte- 
rialised blood, returning from the 
lungs by the pulmonary veins. 
The septum between the two 
divisions of the auricle may, how- 
ever, remain incomplete (Dipnoi, 
Proteus). The advehent pulmon- 
ary vessels, the pulmonary arte- 
ries, always proceed from the 





Fıe. 58.—Gills (Br) and pulmonary sacs (P) 
of a perennibranchiate amphibian. 4», 
pulmonary artery proceeding from the 
posterior of the four aortic arches. The 
other three lead to the three pairs of gills ; 
D, alimentary tract; A, aorta. 


posterior vascular arch, which, as a rule, loses its relation to the 


branchial respiration. 


On the disappearance of the gills, which is completed during the 
metamorphosis in the Salamandrina and Batrachia, the pulmonary 


5 
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arteries obtain a much more considerable size and become the direct 
eontinuation of the hindermost pair of vascular arches, while the 
remaining and primitively most important portions of the latter, 2.e. 
the portions leading to the dorsal aorta, are reduced to rudimentary 
duets (Ductus Botalli) or completely obliterated. Contemporaneously 
with these changes there appears a fold in the lumen of the ventral 
or cardiac aorta, leading to a separation of the posterior vascular 
arch (pulmonaryartery), 
which now receives 
through the ventricle 
venous blood from the 
right auricle, from the 
system of anterior arches 
which give origin to the 
cephalic vessels and dor- 
sal aorta and receive 
arterial blood from the 
left auricle (mixed, how- 
ever, with venous blood 
in the ventricle) (fig. 
59). 

In Reptiles the sepa- 
ration of the arterial 
from the venous blood 
is more complete, in that 
there is an incomplete 
ventricular septum 
which foreshadows the 


later division of the 
Fıc. 59.—Circulatory organs of the frog. P, left lung, ventriele into a right 
right lung is removed ; Ap, pulmonary artery; Vp, 
pulmonary vein; Ve, vena cava inferior ; 4o, dorsal and a left half. From 
; N, kidney ; li ; Ik 1 Er > 
aorta ; N, kidney ; D, alimentary canal; Zk, porta the left division arises 
eirculation. 
the right aortie arch, 
which gives origin in its further course, to the arteries to the head 
(carotid arteries). A vessel to the lungs and a left aortie arch 
may also be distinguished. The left aortie arch and pulmonary 
artery receive only venous blood, while the right aortie arch, and 
therefore the carotids which proceed from it, receive prineipally 
arterial blood from the left side of the ventricle (fig. 60). 
The ventricular septum, and consequently the separation of the 
riglit from the left ventricle, is found complete for the first time 





u 
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in the Crocolilia, and in these animals the right aortie arch arises 
from the left ventricle. But the separation of the arterial and 
venous blood is even now not quite complete, for at the point where 
the two aortie arches cross one another there is a passage (foramen 
Panizze) leading from one into the other, and through which a 
communication may take place. 

It is onlyin Birds and Mammals, in which, as in the Crocodilia, 
the right and left ventriele are completely separated, that a separation 
between the two kinds of 
blood is completely effected 
(fig. 61). In Birds the right 
aortie arch persists, and the 
left entirely disappears; while 
in Mammalia the opposite 
obtains, the left arch per- 
sisting and giving rise to the 
dorsalaorta. In these animals 
the blood is essentially difte- 
rent from the chyle both in 
colour and composition, and 
there is present a special 
system of chyle and Iymph 
vessels. This system origi- 
nates in simple tissue spaces, 
which are without walls, and 
its main trunks open into the 
vascular system. The con- 
tents are derived from the 
nutrient material absorbed 





from the intestine (dhyle), 2, Ham andere rauen sts Chan, 
and from the fluids which aortic arch; Ao.s, left aortic arch ; Ao, aorta; 
have transuded into the C, carotids ; Ap, pulmonary arteries. 
tissues from the capillaries (Iymph), and they serve to renovate 
the blood. In the actual course of the IJymph and chyle, .e., in the 
Iymphatie vessels themselves, are placed peculiar glandular organs, 
known as Iymphatie glands (blood glands), in which the lymph receives 
its form elements (lymph corpuscles=white blood corpuseles). 
Organs of Respiration. The blood needs for the retention of its 
properties not only this continued renovation by the addition of 
nutrient fluids, but also the constant introduction of oxygen, with 
the reception of which is closely connected the exeretion of carbonic 
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acid (and water). 


The exchange of these two gases between the 


blood and the external medium is the essential part of the respiratory 
process, and is effected through organs which are suited for carrying 
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Fıe. 61.—Diagram of the circulation in an 
animal with a completely separated right 
and left ventricle, and a double circulation 
(after Huxley). Ad, right auricle receiv- 
ing tbe superior and inferior ven» cav, 
Ves, and Vei,; Dth, thoracie duct, the 
main trunk of the Iymphatic system ; Ad, 
right auricle; Yd, right ventricle; Ap, 
pulmonary artery; P, lung; Fp, pulmon- 
ary vein; As, left auricle; 7s, left ven- 
tricle; Ao, aorta; D, intestine; Z, liver; 
Yp', portal vein; Zv, hepatic vein. 


on this process either in air or 
in water. In the simplest cases 
the exchange of these two gases 
takes place through the general 
surface of the body; and in all 
cases, even when special respira- 
tory organs are present, the outer 
skin also takes part in r>spiration. 





Fıs. 62.—Diagram of the great 
arteries of a mammal with 
reference to tha fire embry- 
onie arterial arches (after 
Rathke). c, common carotids; 
ce’, external carotid ; c”, inter- 
nal carotid; 4, aorta. 4p, 
pulmonary artery ; 4a, aortie 
arch. 


Inner surfaces also may be con- 
cerned in this exchange, especially 
those of the digestive cavity 
and intestine, or, as in the Echi- 
noderms, in which a separate 
vascular system is developed, the 
surface of the whole body cavity. 

Respiration in water obviously 
takes place under far more un- 


favourable conditions for the introduction of oxygen than does the 
direet respiration in air, because it is only the small quantity of 
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oxygen dissolved in water which is available. Hence this form of 
respiration is found in animals 
low in the scale of life in which 
the metabolie processes are less 
energetic (worms, molluscs, and 
fishes). 

Organs of aquatie respiration, 
or gills, have the form of external 


SE 
appendages possessing as large a NS mn % 
surface extension as possible. N Gern INNNMIMIIINm 
They consist of simple or antler- SEM 


shaped or dendritically branched ill 


processes ıfig. 63 a, b), or of 





of a Eunice, viewed from the dorsal sur- 
face. T,tentacles. Ct, tentacular cirrus. 
C, parapodial cirrus. Br, parapodial gill. 


lancet-shaped closely-packed leaves with a large 
surface extension (fig. 64). 








Fıs. 635.—Transverse section through the body of Eu- 
nice. Br, gill; ©, cirrus; P, parapodium with a 
bundle of set; D, alimentary canal; N, nervous 
system 





FıG. 64. — Transverse 
section througn the 
gill of a Teleostean a . . . 
BE ssichtolleat- The organs ofa&rial respiration, on thecontrai y» 
Jet with capillaries; » are internal. They present likewise the condi- 


branchial artery con- e 
taining venous blood, bon favourable for an exchange of gases between 


4, branebial vein con the air and the blood, viz., a large extent of 
taining arterial blood. 5 BD ? 
= branchial bar, surface. They have the form either ot Zungs 01 

sir-bearing tubes. In the first case (Spiders, 


Vertebrates) they consist of spacious sacs with aiveolar or spongy 


FıG.63@.—Head and anterior body segments " 
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walls, traversed by numerous septa and folds which bear an extremely 
vich network of capillaries. The air tubes or trachem (fig. 65) consti- 
tute a branched system of canals 
which extend throughout the 
whole body, and carry the air 
to all the organs. Thus instead 
of the respi- 
ratory PrO- 
cess being 
localised, as 
it is in ani- 
mals with 
lungs, it is 
carriedonin 
all tissues 





and organs 
of the body, 


Fıc. 65.—Trachex with fine branches which are 
(after Leydig). Z, cellular outer wall; surrounded 
Sp, spiral thread. 

by a fine 


tracheal network. Nevertheless, the air tubes 
in the case of the modification known as fan- 
trachee pwesent an approximation in their 
structures to Jungs, in that the main stems, 
without further branching, give rise to flat 
hollow leaves. 





Fıe. 66a. —Tracheal sys 

tem of a Dipterous 

Ya. 66.—Lateral view of hend and body cfan larva. Tr, Longitudi- 

Acridium. st, stigmata; 7, Tympanum. nal stem of the right 

side with tufts of tra- 

Q . & chex; St’, and St" 

Openings in the body wall are present, plaeing anterior and posterior 

the organs of aörial respiration in communica- ET en 
a = E o 100ks. 

tion with the exterior. These openings may 


be numerous, and paired, placed symmetrically on the sides 


TRACHEA. 


7 


cf the body (fig. 66a, 5) (stigmata of Insects, Spiders), or they 
may be more restrieted in number, and communicate also with 
cavities of complicated structure which are used for other functions 
(nasal cavities. of Vertebrates). In the aquatie larve of certain 





Fra. 67a.—Larva of an Ephemceral fly with seven pairs of trachen! gills 
Kt, sightly magnified ; 7Tk, isolated tracheal gill strongly magnified. 
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Fı6.67b.—Tracheal sys- 


tem at the sides of the 
alimentary canal of 
an Agrion larva (after 
L. Dufour). Tst, main 
tracheal trunk; Äft, 
tracheal gills; Na, the 
three simple eyes. 


Inseets (Ephemeridz, Libellulid®) the trachew may be without any 
external openings. In such cases processes of the body filled with 
a close network of trachex, which take up oxygen from the water, 
and are known as tracheal gills, are developed (fig. 67 a, b). In rare 
instances tracheal gills are developed on the wall of the reetum, and 
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thus acquire a protected position (reetal respiration of Aeschna, 
Libellula). 

In other respects the branchial and pulmonary respiratory pro- 
cesses are essentiallythe same. In the pulmonate snails (Lymnz=us), 
the pulmonary cavity may be filled with water, and yet continue to 
function as a respiratory organ (in the young state and also under 
special conditions in the adult, the animal remaining permanently 
in deep water). With this fact before us of an air-breathing surface 
functioning as a gill, it will not surprise us to find that gills and 
branching folds of skin, which under normal circumstances serve for 
breathing in water, can, provided they be protected from shrivelling 
up and desiccation either by their position in a damp space or by 
their copious blood supply, function as lungs, and allow their pos- 
sessors to live and breathe on land (Crabs, Birgus latro, labyrintho- 
branchiate Fishes). 

A rapid renewal of the medium which carries the oxygen and 
surrounds the respiratory surfaces is of the greatest importance 
for the gaseous exchanges. We find, therefore, very often special 
arrangements, by which the removal of that part of the respiratory 
medium which has been deprived of oxygen and saturated 
with carbonie acid and the introduction of another portion con- 
taining oxygen and free of carbonic acid, is eflfectted.. In the 
simplest cases this renewal can, although not very efüciently, be 
brought about by the movements of the body, or bya continuous 
oscillation of the respiratory surfaces themselves; a method which is 
especially common when the gills are placed in the region of the 
mouth and function also as organs of food prehension, e.g., the 
tentacles of many attached animals (Polyzoa, Brachiopoda, tubi- 
colous Worms, ete.) Very frequently the gills appear as appendages 
of the organs of locomotion, e.g., of the swimming or ambulatory 
feet (Orustacea, Annelids), the movement of which brings about 
a renewal of the respiratory medium around the gills.. The move- 
ments become more complicated when the gills are enclosed in special 
chambers (Decapoda, Pisces), or when the respiratory organs are 
placed within the body, as happens in the case of trachex and 
lungs, in which case also a renewal of the air is effected either by a 
more or less regular movement of neighbouring parts, or by rhyth- 
mical contractions and dilatations of the air-chamber, constituting 
the so-called respiratory movements. The term respiration is now 
not only applied to these movements so obvious to the eye in air- 
breathing animals, but also to the osmotie processes, secondarily 
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dependent upon the entrance and exit of air, which effect the 
‘ gaseous exchanges. Taken stricetly in this sense it is an incorrest 
term, inasmuch as in the respiratory movements of animals pro- 
vided with branchial cavities we have to do with the entrance and 
exit of water. 

In the higher animals provided with red blood, the difference in 
the condition of the blood before and after its passage through the 
respiratory organs is so striking that it is possible to distinguish 
blood rich in oxygen from blood rich in carbonie acid, by the colour. 
The latter is dark red, and is known as venous blood; the former, 
t.e., blood which has just left the gills or lungs, on the contrary, 
has a bright red colour, and is known as arterial blood. 

While the terms venous and arterial are used in an anatomical 
sense to express the nature of the blood-vessel,—those carrying the 
blood to the heart being called venous, and those carrying it from 
the heart arterial,—they are also used in a physiological sense as an 
expression for the two conditions of the blood before and after its 
passage through the respiratory organs, £.e., to express the quality of 
the blood. Since, however, the respiratory organs may be inserted in 
the course of either the venous or arterial vessels, it is obvious that, 
in the first case, there must be venous vessels carrying arterial blood, 
(Molluses and some Vertebrates), and, in the latter, arterial vessels 
carrying venous blood (Vertebrates). 

Animal heat. The intensity of respiration stands in direct relation 
to the energy of the metabolism. Animals which breathe by gills 
and absorb but little oxygen are not in a position to oxidise a large 
quantity of organie constituents, and can only transform a small 
quantity of potential into kinetic energy. They perform, therefore, 
not only a proportionately smaller amount of muscular and nervous 
work, but also produce in only a small degree the peculiar molecular 
movements known as heat. The source of this heat is to be sought, 
not, as was formerly erroneously supposed, in the respiratory organs, 
but in the activetissues., Animals in which thermogenic activities are 
small have no power of keeping independently their own internal 
heat when exposed to the temperature influences of the surrounding 
medium. This is also true of those air-breathing animals in which 
the metabolie and thermogenie activities are great, but which, in 
consequence of their small size, offer a relatively very large surface 
for the loss of heat by radiation (Insects). On account of the ex- 
changes of heat which are continually taking place between the 
animal body and the surrounding medium, the temperature of the 
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former must in such animals be largely dependent on that of the 


latter, falling and rising with it. Hence, most of the lower animals 


are peikilothermic,* or, as they have less appropriately been called, 
cold-blooded. 

The higher animals, on the contrary, in which, on account of their 
highly developed respiratory organs and energetie metabolism, the 
thermogenic activity is great, and which are protected from a rapid 
loss of heat by radiation by the size of their bodies and by the 
possession of a covering of hairs or feathers, possess the power of 
maintaining a constant temperature, which is independent of the 
rising and falling of the temperature of the surrounding medium. 
Such animals are designated Aomothermäic, or warm-blooded. Since 
they require a high internal temperature, varying only within small 
limits, as a necessary condition for the normal course of the vital 
processes, or one may say for the maintenance of life itself, they 
must possess within themselves a series of regulators whose function 
is to keep the body temperature within its proper limits, when the 
temperature of the surrounding medium is high. This may be 
effeeted either by diminishing the production of internal heat 
(diminishing the metabolism) or by increasing the loss of heat from 
the surfaces of the body (by radiation, evaporation of secretions, 
cooling in water) ; and, on the contrary, when the temperature of the 
outer medium is too low, by increasing the production of internal 
heat (increasing the metabolie activity by more plentiful food supply, 
more vigorous movements), or by diminishing the loss of heat by 
the development of better protective coverings. 

When the conditions necessary for the action of these regulators 
are absent (want of food, small and unprotected bodies), we find either 
the phenomenon of winter sleep, in which life is preserved with 
a temporary lowering of the metabolice processes; or, when the 
metabolie processes of the organism do not enter into abeyance, the 
remarkable phenomena of migration (migration of birds). 

Organs of Secretion. The respiratory organs stand to a certain 
extent intermediate between the organs of nutrition and those of 
excretion, in that they take in oxygen and excrete carbonie acid. 
In addition to this gas a number of exerementitious substances, 
mostly in a fluid form, which have entered the blood from the 
tissues, pass out by the lungs. The function, however, of excretion 


* Comp. Bergmann, “ Ueber die Verhältnisse der Wärmeökonomie der Thiere 
zu ihrer Grösse,” Göttinger Studien, 1847; also Bergmann und Leuckart, 
“ Anatomisch-physiologische Uebersicht des Thierreichs,” Stuttgart, 1852, 
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is mainly discharged by the special secretory organs. These have 
the form of: glands of a simple or complex structure which originate 
from invaginations of the outer skin or of the intestinal wall, and 
consist essentially of simple or branched tubes, or of racemose and 
lobulated glands. 

Among the various substances which by the aid of the epithelial 
lining of the walls of glands are removed from the blood and some- 
times utilised further for the performance of various functions, the 
nitrogenous excretory substances are especially important. The 
organs by which the excretion of these ultimate products of meta- 
bolism are effected are the kidneys. - In 
the Protozoa they are represented by 
the contractile vacuoles; in the Worms 
they appear as the so-called water- 
vascular vessels, and are constituted of 
a system of branched canals which 
take their origin in delicate internal 
ciliated funnels, which open into the 
spaces in the parenchymatous tissues or 
into the body cavity. In the latter case 
the ciliated funnels havea wide opening. 
In the Platyelminthes (flat worms) the 
efferent ducts of the system consist of 
two main lateral trunks (fig. 68, Zix.), 
which frequently open together at the 
hind end of the body by means of a 
medium terminal contractile vesicle 





Fıc. 68.—Young Distomum (after 

(fig. 68, ep). La Valette). Ex, main stems of 
In the segmented worms the paired the exeretory system; Ep, ex 

, e eretory pore; O, mouth with 
kidneys are repeated in every segment, sucker; 8, sucker in the middle 
of the ventral surface; P, pha- 


and are known as segmental organs - 
# rynx; D, alimentary canal. 


(figs. 69 and 70). The shell-glands of 

Crustacea are in all probabılity to be traced back to these segmental 
organs: as are also the paired kidney (organ of Bojanus) of mussels, 
and the unpaired renal sac of Snails, both of which communicate by 
means of an internal opening with the pericardial division of the 
body cavity. 

In the air-breathing Arthropods and some Crustacea (Orchestia‘) 
the urinary organs are tubular appendages (Malpighian vessels) of 
the hind gut. In the Vertebrata the urinary organs or kidneys 
obtain a greater independence, and open to the exterior by special 
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openings which are usually common to the generative organs; they 





Fre. 69.—Longitudinal 
section through the 
ınedicinal Leech (after 
R. Leuckart). D, ali- 
mentary canal; 6, 
brain; .Gk, ventral 
chain of ganglia; Ex, 
excretory canals (seg- 
mental organs, water- 
vascular system), 


consist essentially of a number of coiled tubes, 
which in the more primitive types of Vertebrates 
have a ciliated funnel-shaped opening into the 
body cavity (Dogfish embryo, fig. 71). 

The individual tubules of which the verte 





Fıs. 70.—Diagrammatic representation of 
the segmental organs of a segmented 
worm (after C. Semper), Ds, dissepi- 
ment; WHtr, ciliated funnels which lead 
into the coiled tubes. 


brate kidney is composed do not open directly to 
the exterior, as do the segmental organs of 
Annelids, but there is present on each side of 
the body a duct, the kidney duct, which receives 
the tubules of its own side and opens posteriorly 
into the cloaca. They also possess an important 
structure peculiar to the kidney of the Vertebrata 
known as the “ Malpighian body,” which consists 
of a capsular widening of the lumen of cach 
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tubule, into which projects a coil of arterial blood vessels known as 


the glomerulus (fig. 72). 


N) 
AN 


8) 
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Fıs. 71.—-Diagrammatic represen- 
tation of the kidney (segmental 
organs) of a dog-fish embryo (after 
C.Semper). IF'tr, ciliated funnels; 
Ug, kidney duct. 


its special coveringsoft andsupple. 
The coceygeal glands of water- 
birds are derived from an aggre- 
gation of sebaceous glands; their 
secretion by keeping the feathers 
oiled preserves them from becom- 
ing saturated with water during 


swimming. 


The unicellular and multicell- 


Very generally the outer body 
surface is the seat of special secre- 
tions which frequently play an impor- 
tant part in the economy of the 
animal, and are used especially as a 
means of protection and defence. The 
same is true also of the secretions of 
the accessory glands opening into the 
anterior or posterior end of the ali- 
mentary canal (salivary glands, poison 
glands, anal glands) (fig. 73). 

To the class of cutaneous glands 
belong, in the first place, the sweat- 
glands and the sebaceous glands of 
Mammalia. The fluid secretion of the 
former, on account of the ease with 
which it is evaporated, is of special use 
in keeping the body cool, while that 
of the latter keeps the integument and 





Fıs. 72.—Ciliated funnel and Malpigbian 
body from the anterior part of the kidney 
of Proteus (after Spengel). Nr, kidney 


ular integumentary glands, which tubule; Tr, ciliated funnel ; A7k, Malpig- 


are found so widely present in 


hian body. 


Insects, belong, for the most part, to the category of oil and fat 
glands. Aggregations of cells whose function is to secrete calcareous 
matters and pigment are especially widely present in the integu- 
inent of the Mollusca, and serve for the building up of the beautifully 
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coloured and variously shaped shells of these animals. Integumen- 
tary glands and aggregations of glands may also acquire a relation 
to the acquisition of food (spinning glands 
of Spiders). Finally, mucous glands are 
very widely present in the skin of animals 
which live in damp localities (Amphibia, 
Snails) and in water (Fishes, Annelids, 
Meduse). 


ORGANS OF ANIMAL LIFE, 


Of the so-called animal functions, that 
of locomotion is the most conspicuous. 
Animals perform movements for the 
purpose of procuring food and escaping 
from their enemies. The muscles used 
for locomotion are, as a rule, and especially 
in the simpler forms, intimately united 
with the skin, and give rise to a muscular 

' body wall (Worms), the alternate shorten- 
ing and elongation of which brings about 

BE ee a movement of the body. The muscles 
(Curabus) (afterLeon Dufour). may also be especially concentrated in 
a a parts of the body wall, e.g., in the subum- 


proventriculus; Chd, chylific 
ventricle ; Mg, Malpighiantu Drellar surface of Medus® beneath the 


bules; 2, rectum; Ad, anal £ 3 3 . 
glands with bladder. supporting gelatinous tissue, or in the 
ventral surface of the body giving rise 
to a foot-like organ (Molluses), or they may be broken up into 
a series of successive and similar segments (Annelids, Arthropods, 
 Vertebrates). The latter arrangement prepares the way for the 
rapid and more complete form of movement found in animals in 
which the hard parts also, whether exoskeletal (Arthropods) or 
endoskeletal (Vertebrata), have become divided into a series of 
longitudinally arranged segments or rings, which offer a firm attach- 
ment to and are moved by the segments of the muscular system. 
By this arrangement more powerful muscular actions are rendered 





possible. 

Thus it becomes indispensable that hard parts should be developed 
to act as a skeletal support for the soft parts, and also to protect them. 
The skeletal structures may be external, in which case they have the 
form either of external shells, tubes or successive rings, and are 


En 
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usually products of the external skin (chitin), or they ınay be 
internal (cartilage, bone) and give rise to vertebre (fig. 74 a, b). In 
either case the body becomes divided at right angles to its long axis 
into a series of segments, which, in the simpler cases of locomotion, 
are homonomous (Annelids, Myriapods, Snakes). As development 
progresses some of the muscles required for locomotion gradually lose 
their relation to the long axis of the body, and acquire a relation to 
secondary axes; and in this way conditions are acquired for the 
accomplishment of more diflicult and complete forms of locomotion. 
The hard parts in the long axis of the body then lose their primitive 





R 
Fıg. 74 a-Diagram of the vertebral Fıc. 74 b--Vertebra of a fish. X, ver- 
column of aTeleostean fish with verte- tebral body. Ob, neural arch (neura- 
bral constriction of the notochord. pophysis) ; Ub, hemal arch (hemapo- 
Ch, notochord; Wk, bony vertebral - physis) ; D. neural spine; D’, haemal 
bodies; J, membranons intervertebral spine; R, rib. 
section. 


uniform segmentation and partially fuse with one another to form 
several successive regions, the parts of which are capable of a greater 
or less amount of movement upon one another (head, neck, thorax, 
lumbar region, etc.) In this case, however, the parts of the skeleton 
of the chief axis are usually less movable upon one another, while, on 
the contrary, a much more perfect locomotion is effeeted by the 
extensive movements of the paired extremities or limbs. 'The limbs 
likewise possess a solid skeleton, to which the muscles are attached, 
and which is usually elongated and may be external or internal, 
and is attached more or less closely to the axial skeleton. 

The most essential property of animals is that of sensation. This 
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property, like that of movement, resides in definite tissues and organs 
which constitute the nervous system. For those cases in which a 
nervous system has not separated from the common contractile basis 
(sarcode) or froınm the uniform cell parenchyma of the body, we may 
suppose that the organism possesses the first beginnings of an 
irritability serving for perception. This, however, can scarcely be 
called sensation, for sensation pre-supposes the presence of conseious- 
ness of the unity of the body, and this we can scarcely attribute to 
the simplest animals without a nervous system. 

The appearance of muscles is coincident with that of the nervsus 
tissues, which are developed in connection with the sense epithe- 
lium of the surface (Polyps, Medus®, Echinoderms). In such cases 
the nerve fibres and ganglion cells 
which all lie mingled together keep 
their ectodermal position and their 
connection with the sense epithe- 
lium. The view that the first difie- 
rentiation of the nervous and mus- 
cular tissues is to be sought in the 
so-called neuromuscular cells of the 
fresh-water polyps and Medus® has 
been shown by later researches to 
be untenable. 

The arrangements of the nervous 
Fıc. 75.—Diagram of the nervous sys- system can be traced back to three 

tem of a star-fish. N, nerve ring distinet types—(1) the radial ar- 

which connects together the five am- s & 
nbenlasaie, rangement found in the radiate 
animals; (2) the bilateral arrange- 
ment found in segmented Worms, Arthropods, and Molluses; (3) 
the bilateral arrangement of the Vertebrata. In the first case the 
central organs are radially repeated ; in the Echinoderms as the so- 
called ambulacral brains or nerves, which are found in the arms and 
are connected together by a eircumoral nervous commissure contain- 
ing ganglion cells (fig. 75). 

In the second type the nervous system, in the simplest cases, 
consists of an unpaired or paired ganglionie mass placed in the 
anterior part of the body above the pharynx, and known as the 
supra-esophageal ganglion or brain. From this centre radiate in 
the simplest cases (Turbellaria) nerves which have a bilaterally sym- 
netrical distribution, and of which two are larger than the otheır, 
and take a lateral course (fig. 76). 





NERVOUS SYSTEM. 


sl 


At a higher stage of development a circum-pharyngeal nerve ring 
is developed. With the commeneing segmentation of the body the 
number of ganglia increases, and in addition to the brain there is 
present a ventral nervous system consisting either of ventral cord 


Fıe. 76.—Alimentary canal and 
nervous system of Mesosto- 
mum Ehrenbergi (after Graff). 
G, the paired cerebral ganglia 
with two eye-spots; St, one 
ofthetwo main lateral nerves; 
D,alimentary canalwithmouth 
and pharynx. 
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Fıc. 77.—Nervous system of Fıq. 78.—Nervous system 


the larva of Cocecinella 
(after Ed. Brandt). @, su- 
pra-oesophageal ganglion 
or brain; Gfr, frontal 
ganglion; Sg, subaso- 
phageal ganglion ; @',-@", 
the eleven ganglia of the 
ventral chain of thorax 
and abdomen, 





N 


of adult Cocecinella (after 
Ed. Brandt). 49, optic 
ganglion. The other let- 
ters as in fig. 77. 


(Gephyrea) or of a ventral chain of ganglia, which may have a 
-homonomous (Annelids) or heteronomous (Arthropods) arrangement 


(figs. 77 and 78). 


The concentration of the nervous system begun 


6 
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in the latter case may, by the fusion of the brain and ventral cord, 
be carried to a still further extent, so that in many cases (numerous 
Arthropods) only asub-@sophageal ganglion is present. In Molluses, 







H, 


ns 


N 


N hl 


N 


NA 
} 


Fıc. 79.—Brain and spinal oord 
of a pigeon. H, cerebral 
hemispheres; Cb, optic lobes ; 
C, cerebellum; Mo, medulla 
oblongata. Sp, spinal nerves. 


animals in which segments are not de- 
veloped, the sub&sophageal ganglion is 
represented by the pedal ganglion, and 
there is in addition a third pair of ganglia 
constituting the visceral ganglia (fig. 55). 
In Vertebrates, the nervous centres are 
arranged as a cord, lying on the dorsal 
side of the skeletal axis, and known as 
the spinal cord, the segmentation of which 
is indicated by the regular repetition of the 
spinal nerves. 

This cord, which is traversed by a 
central canal, is anteriorly widened and 
(except in Amphioxus) differentiated into 
a complicated ganglionie apparatus, the 
brain (fig. 79). 

The so-called sympathetie or visceral 
nervous system appears in the higher 
animals (Vertebrata, Arthropoda, Hiru- 
dinea, etc.) as a comparatively indepen- 
dent part of the nervous system. It 
consists of ganglia and plexuses of nerves 
which stand in connection with the 
central nervous system, but are not under 
the direet control of the will of the 
animal. It innervates the organs of 
digestion, circulation, respiration, and 
generation, and it can carry on its 
functions for a longer or shorter time 
after destruction of the sensory and motor 
centres. In the Vertebrata (fig. 80), 
the system of visceral nerves consists of a 
double chain of ganglia, placed on each 
side of the vertebral column and con- 
nected with the spinal nerves and the 


spinal-like cranial nerves, by connecting branches, the rami 
communicantes. The ganglia correspond in number with the above- 
mentioned spinal and cranjal nerves, and they send nerves to the 
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blood vessels and viscera, which there on, a complicated ne5work 


of nervous fibres 
containing here and 
there ganglion cells. 
The nervous sys- 
tem possesses further 
peripheral apparatus, 
the sense organs, the 
function of which is 
to bring about the 
perception of certain 
conditions of the 
outer world as im- 
pressions of a definite 
mode of sensation 
(specifie energy of 
nerves* Joh. Müller). 
These peripheral 
organs usually have 
the form of peculiarly 
arranged aggrega- 
tions of hair-shaped 
or rod-shaped nerve 
terminations (hair- 
cells, rod-cells of sen- 
sory epithelium) con- 
nected by fibrille 
with ganglion cells, 
through which under 
the action of external 
influencees a move- 
ment of the nervous 
substance is set up, 
which travels to the 
central organ and 
there affects _ con- 


* In opposition to the 
differences in the quali- 
ties of the sensations 
produced by each indi- 
vidual sense organ 
(colour, tone). 









































Fı@. 80.—Nervous system of the frog (alter Ecker). Ol, 
olfactorynerves; O, eye ; Op, optie nerve; Vy, Gasserian 
ganglion ; Xy, ganglion of vagus ; Spn 1, firstspinalnerve ; 
Br, brachial nerve ; Sg1-10, the ten ganglia of the syıu- 
pathetic system. Js, ischiul nerve. ; 


84 ORGANIZATION AND DEVELOPMENT OF ANIMALS IN GENERAL. 


sciousness as a specific sensation. To these end-cells there are often 
added cuticular' structures, whose function is to communieate the 
external movement to the nervous substance (retinal rods). 

The special sensations have quite gradually been developed from 
the general sensations (comfort, discomfort, pleasure, pain), i.e., 
nerves of special sense have been derived from sensory nerves which 
have acquired a special form of peripheral termination, and so 
become accessible to a special stimulus with which the special 
sensation is always associated. But it is not till a higher stage of 
development is reached that the sense-perceptions can be compared 
according to the nature of the sensations with those of our own body. 
We can estimate the sense energies of the lower animals exceedingly 
vaguely, and only by the 
insuficient method of com- 
paring them with our own 
sensations; and it is certain 
that among the lower ani- 
mals there are many forms 
of sensation of which we, 
in consequence of the spe- 
cialised nature of our own 
senses, can have no concep- 
tion. 

Probably of all the 
senses, that of Zouch is the 
most widely distributed, 
and with this we certainly 

often see a number of 
Fıg, 81.—Nerves with ganglion cells (G) beneath a 5 CR N 
taetile bristle (75) from the skin of Corethra larva. special sensations united. 

It is generally distributed 
over the whole surface of the body ; frequently, however, it is con- 
centrated on processesand appendages of it. Probably the tentacular 
appendages of the Coelenterata and Echinodermata have this signifi- 
cance. In the Bilateralia with a differentiated head there are 
contractile or stiff segmented processes on the head, the antenn® or 
feelers which in the worms are repeated as paired eirri on every 
segment of the body. It is often possible to trace special nerves 
to the skin and to find touch organs containing their endings. In 
the Arthropoda the ganglionie end-swelling of a tactile nerve usually 
lies beneath a cuticular appendage, such as a bristle, which transmits 
the mechanical pressure on its point to the nerve (fig. 81). 
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In the Primates amongst the Mammalia there are present papill« 
in the skin (especially on the volar surface) in which the structures 
known as touch-bodies, containing the termination of tactile nerves, 
are placed (fig. 82). 

In addition to the general sensibility and the tactile sensations, 
the higher animals possess, as a special form of sensibility, the 
capacity of distinguishing different temperatures. 

The sensations of sound are produced through an organ, the 
auditory organ, which is, in a certain measure, a special modification 
‚of a tactile organ. The auditory organ in its simplest form appears 
as a closed vesicle filled with fluid (endolymph) and one or more 
calcareous concretions (otoliths); and containing in its walls rod or 
hair cells in which the nerve fibrille end (fig. 83). Sometimes the 
vesicle lies on a ganglion of the central ner- 
vous system (Worms), sometimes at the end 
of a shorter or longer nerve, the auditory 
nerve (Molluscs, Decapoda). In many aqua- 
tic animals the vesicle may be open and its 
contents communicate directly with the exter- 
nal medium, in which case the otoliths may 
be represented by small particles such as sand. 
grains which have entered it from the exterior 
(Decapod Orustaceans). In Molluscs a deli- 
cate sensory epithelium (macula acustica, fig. 
83 Cz, Hz.), marks the percipient portion of Li 
the inner wall of the vesicle; while in Crus- Fre. 82.— Tactile papilla 

: e from the volar surface 
tacea the fibres of the auditory nerve end in with the touch corpuscle 
euticular rods or hairs which project from the amditsnerve N. 
wall of the vesicle, and, like the olfactory hairs of the antenne, 
bring about the nervous excitations. In the Vertebrata not only 
does the auditory vesicle obtain a more complicated form (mem- 
branous labyrinth), but there are also added to it apparatuses for 
conducting and magnifying the sound (fig. 84). The tympanum of 
Acrideide and Locustide, which is generally looked upon as an 
auditory organ, is built upon quite a different type, since here, 
instead of a vesicle filled with fluid, air cavities serve for the action 
‚of the sound waves on the nerve-endings. 

The visual organs or eyes* are, after the tactile organs, the 
most widely distributed, and indeed are found in all possible stages 





* Cf. R. Leuckart, “ Organologie des Auges,” Graefe and Sämisch, Hand- 
buch der Ophthalmologie, Bd. II. 
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of perfection. In the simplest cases they are known as eye-spots, and 
consist of irritable protoplasm, 2.e., nervous substance, containing pig- 
ment granules; and in this forın they are perhaps scarcely capable 
of distinguishing light from darkness, but are only susceptible to the 
warm rays. It is hardly possible to conceive that pigment is indis- 
pensable for the sensation of light, because there are many eyes of 
complicated structure from which pigment may be altogether absent. 
The view, however, according to which the pigment itself is sensitive 
to light, (.e., is chemically changed by the light waves and transmits 
the exeitation produced by these movements to the protoplasm or 





Fıc. 83-—Auditory vesicle of a Heteropod (Pterotrachea),. N, acoustic nerve; Of, otoliti 
the fluid of the vesicle; Wz, ciliated cells on the inner wall of the vesicle; 4, auditory 
cells; Cz, central cell. 


the adjacent nervous substance cannot in itself be contradicted, but 
ib is by no means clear “hat such changes are produced by the light 
rays as opposed to the heat rays. Of greater importance in this 
relation appears the special nature of the nerve endings, through 
which certain movements, progressing in regular waves, the so-called 
ether waves, are transmitted to the nerve fibres and give rise to a 
stimulus which travels to the central organ and is by it perceived 
as light. In all cases in which in the lower animals specific nerve 
endings cannot be made out, we have probably only to do with a 
forerunner of the eye, consisting merely of the pigmented termina- 
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tion of a cutaneous nerve which is sensitive only to gradations of 
temperature. Although the sensation of light is the function of the 
nerve centre, the rods and cones at the end of the optie nerve 
fibres are the elements which convert the external movement of the 
ether waves into an excitation of the optic nerve fibres adequate 
for the production of the sensation of light. 

For the perception of an image refractile apparatuses in front of 
the terminal expansion of the optie nerve (retina) are necessary ; 
and further, the elements of the latter must be sufliciently isolated 
to admit of the stimuli set up in them being carried as separate 
movements to the nerve centre. Instead of a general sensation of 
licht a complex sensation made up of many separate perceptions is 
produced, which corre- 
spond in position and 
quality with the parts of 
the exciting source. For 
therefraction of the light 
convex and often lens- 
shaped thickenings of 
the body covering (cor- 
nea, corneal lens) 
through which the rays 
pass into the eye, are C 
developed ; refractile 
bodies are also found 


behind the cornea (lens, 

R. E r Fıg. 84.—Diagram of the auditory labyrinth. I. ofa 
a7 stalline cone). The fish. II. of a bird. III. of a mammal (after Wal- 
rays diverging from _deyer). T,utricle with the three semieircular canals; 

“ . S, saccule; US, alveus communis; (, cochlea; Z, la- 
the various parts of gena; R, aqueductus vestibuli; Cr, canalis reuniens. 
the source of the 


light are, by means of the refractile media, collected and brought 
to corresponding foci on the retina or peripheral expansion of the 
optie nerve, which consists of the rod-shaped ends of the nerve fibres 
and some more or less complicated ganglionie structures. Lately, in 








RN: 


consequence of the discovery of the visual purple* in the outer 
segments of the rods, it has been attempted to reduce the exeitation 
of the end apparatus of the optie nerve to a photo-chemical process 
taking place in the retina. The fact that the diffuse pigment 
(visual purple) of the outer segments of the rods is bleached by the 


* In addition to the older works of Krohn, H. Müller, M. Schultze, ef, Boll 
Sitzungsberichte der Akad. Berlin, 1876 and 1877, also Ewald and Kühne, 
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action of light is of the highest interest, but it cannot be taken as 
proving a direct participation of the visual purple in the visual 
process, inasmuch as the visual purple is not present in those parts 
of the eye in which alone a distinet image is formed, viz., the macula 
lutea and, generally, the outer seginents of the cones. 

The pigment of the eye seems to be of importance for absorbing 
the superfluous rays of light which would be injurious to the per- 
ception of an image. It is distributed partly immediately outside 
the retina, forming the choroid coat of the eye, which extends also 
inwards between the individual retinal elements; and partly in front 
of the lens, giving rise to a transversely placed curtain, the iris 
which is pierced by 
an opening, the pupil, 
capable of contrac- 
tingand dilating. In 
the higher grades of 
development the 
whole eye is, as a 
rule, enclosed in a 
hard, connective tis- 
sue coat, the sclerotic, 
and thus marked off 
as an eye bulb. 

The arrangements 
by which the shining 
points of an object 





Fıe 85.—Diagrammatic representation of the compound eye n 
ofaLibellula. 0, cornea; X, crystalline cone; P, pigment; act ın regular ar- 
R, nerve rods of retina; Fb, layer of fibres; Gz, layer of - 

2 a 3 & rangement on COTTe- 
ganglion cells; Rf, retinal fibres; Fk, crossing of fibres. SE R 
sponding pointsof the 


optie nerve and so render possible the perception of an image vary, 
and are closely dependent upon the whole structure of the eye. 
Leaving out of consideration the simplest eyes, such as we find in 
Worms and the lower Orustacea, two types of eye are to be distin- 
guished. 

1. The first form occurs in the so-called /acetted eyes* (hgs. 85 & 
86) of Arthropods (Orustacea and Insects). The retina of such eyes 
has a hemispherical form, the convex surface being directed out- 
wards, and consists of large compound nerve rods, the retinul® 


* See Joh. Müller, ‘Zur vergleichenden Physiologie des Gesichtssinnes,” 
Leipzig, 1826. H. Grenacher, * Untersuchungen über das Sehorgan der Arthro- 
poden,” Göttingen, 1879. 
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(figs. 85 & 86 Af d R), which are separated from one another by 


pigment sheaths. 


In front of these rods are placed the strongly 


refractile erystalline cones (k), and in front of these again the lens- 


shaped corneal facets (Ü & F). 


The eye is enclosed by a firm chitinous layer, which, following 


the sheath of the entering optie nerve, surrounds 
its soft parts and reaches as far as the cornea. 
That part of the eye which is known as optie 
nerve corresponds in a great measure to the retina 
itself, and contains a layer of ganglion cells and of 
nerve fibres. 

A reversed and reduced pieture of the object 
is thrown behind each convex corneal facet (lying 
far from the sensitive layer of nervous rods), and 
only the perpendicular rays can be perceived since 
all the others are absorbed by the pigment. Ac- 
cordingly the light impressions caused by these 
axial rays, whose number corresponds with the 
separate nerve rods, form a mosaic on the retina 
which repeats the arrangement of the parts of the 
external object emitting light. The picture which 
is here formed lacks, however, brillianey and dis- 
tinctness. 

2. The second form of eye, which is widely distri- 
buted in the animal kingdom (the simple eye, 
Annelids, Insects, Arachnida, Molluscs, Verte- 
brates) corresponds to a globular camera obscura 
with colleceting lenses (cornea, lens) on its exposed 
anterior wall on which the light falls and usually 
with additional dioptrie media filling the optic 
chamber (vitreous humour.) The simple eye of 
Insects seems to have originated from the simple 
metamorphosis of part of the integument, beneath 
which are placed the end organs of the optic nerve 
(fig. 87). The cuticular covering (CZ) projects as a 
lens-shaped thickening into the subjacent layer of 
transparent, elongated, hypodermis cells (@%), 
within which are placed elongated rod-like nerve- 
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FıG. 86.—Three fa- 
cets with retinule 
from the com- 
pound eye of & 
cockchafer (after 
Grenacher). [he 
pigment has been 
dissolved away 
from two of them. 
F, corneal facet. 
K, erystalline 
cone. P, pigment 
sheath. P', chief 
pigment cells. P’, 
pigment cells of 
the second order. 
R, retinul®. 


cells with refractile cuticular portions, closely aggregated to form a 
retina (fig. 87 Rz). The hypodermis cells surrounding the edge of 
the lens are filled with pigment, and form an iris-like dark ring 
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through the opening in which the rays of light enter the eye to fall 
on the terminal segments of the retinal cells (fig. 87). 

In the more highly developed forms of this type of eye, especially 
in the Vertebrate eye, the peripheral portion of the optie nerve 
spreads out so as to form a cup-shaped nervous membrane, the retina, 
placed immediately behind the refractile media and surrounded by a 
vascular pigmented membrane, the choroid. The choroid, again, is 
surrounded by a tough supporting membrane composed of fibrous 
connective tissue, and known as the sclerotic, which is continued over 
the anterior part of the eye, 2.e., that part through which the light 
passes, as a thinner transparent membrane. Of the refractile media 
which are placed behind the cornea and fill the cavity of the optie 
bulb, viz., the aque- 
ous humour, the lens 
(fig. 88 Z), the vitre- 
ous humour (@/), the 
lens is the most 
powerful. Grasped 
by the thickened 
muscular anterior 
part of the choroid 
(the ciliary body (Ce) 
and ciliary processes), 
the peripheral part 
of its anterior face is 


covered by a forward 
Fıs. 87.—Transverse section through the simple eye of a . 5 
beetle larya (partly after Grenacher). CZ, corneal lens ; continuation of the 
Gk, the subjacent hypodermis cells, the vitreous humour choroid, the iris (Jr), 
of Authors; P, pigmentin the peripheral cells of the lat- ‚hich . lik 
ter; Rz, ratinal cells. St, cuticular rods of the latter. wäüıch, a5 a TINS-IKe 


contractile border, 
forms a kind of diaphragm perforated by a central contractile opening, 
the pupil, through which the light enters the eye (fig. 88). The 
reversed image which is formed in the hinder part of the Vertebrate 
eye on the cup-shaped retina has a very considerable brillianey and 
definition. 

The eyes of many Cephalopods may be looked upon as a modifica- 
tion of this type of eye. In the eye of Nautilus the lens is absent, 
and the light enters through a small opening. In this case a 
reversed, but not brilliant, image is formed on the retina placed on 
the hinder wall of the eye. 

To enable the eye to see elearly objects in different directions and 
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at different distances, special apparatuses for its movement and 
accommodation are necessary. They are represented by muscles which 
can in the former case move the optic bulb and modify the direction 
of sight in obedience to the will of the animal, and in the latter act 
upon the refractile media, and vary their relation to the retina. In 
many compound eyes (Decapod COrustacea) that part of the head on 
which the eye is placed is prolonged so as to give rise to a movable 
stalk-like process, which bears the eye at its extremity. The eyes of 
Vertebrata possess in addition special protective arrangements, e.g., 
eyelids, lacrymal glands. 

The position and number of the eyes present very great variations 
amongst the lower animals. 
The paired arrangement on 
the head appears to be the 
general rule among the higher 
animals; nevertheless visual 
organs sometimes occur on 
parts of the body far removed 
from the brain, as for instance, 
in Euphausia, Pecten, Spondy- 
lus, and certain Annelids 
(Sabellide). In the Radiata 
the eyes are repeated at the 
periphery of the body in each 
radius.. In the star fishes 
they lie at the extreme end 
of the ambulacral furrow at 





FıG. 88.—Transverse section through the human 
the tip of the arms, in the eye (after Arlt). C, cormea; Z, lens; Jr, iris 

e with pupil; Ce, ceiliary body; @!I, vitreous 
Acalephe as the marginal humour; R, retina ; Se sclerotic ; Ch, choroid. 


bodies on the edge of the Mil, macula lutea; Po, papilla optica; No, 


optie nerve. 
umbrella. 


The sense of smell appears to be less widely distributed. Its func- 
tion is to test the quality of gaseous matters and to produce in 
consciousness the special form of sensation known as “ Smell.” This 
sense in aquatic animals which breathe through gills cannot be sharply 
marked off from that of taste. The small pits, standing in connec- 
tion with nerves and provided with an epithelial lining of hair-bearing 
sense cells, are to be looked upon as the simplest form of olfactory 
organ (Meduss, Heteropoda, Cephalopoda). Nevertheless scattered 
hair cells (Lamellibranchiata) may also have to do with the same 
sensation. In the Arthropoda the cuticular appendages of the 
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antenne in which the gangliated swollen extremities of nerves oceur 
are 40 be explained as olfactory fibres. In the Vertebrata the 
olfactory organ usually has the form of a paired pit or cavity placed 
on the under surface of the head (nasal cavity), on the walls of which 
the ends of the olfactory nerve are distributed. The higher air- 
breathing Vertebrata are distinguished by the fact that in them this 
cavity communicates with the pharynx, and by the great surface 
extension (in a confined area) of the much-folded olfactory mucous 
membrane. The fibres of the olfactory nerve terminate in delicate 
elongated cells, bearing 
rods or hairs and placed 
between the epithelial cells 
of this mucous membrane. 

The special sense of taste 
is confined to the mouth 
and pharynx. Its function, 
from what we know of the 
higher organisms, is to test 
the quality of fluid sub- 
stances, and to bring about 
the special sensation of 
taste. The presence of this 
sense can be demonstrated 
with certainty in the Ver- 
tebrata, and it is connected 
with the distribution of a 
special nerve of taste, the 
\ glossopharyngeal, which in 
Fıs. 89.—a Transverse section through a circum- man supplies the tip, edges, 

vallate papilla of a calf (after Th. W.Engelmann), 

N,nerve; Gk, taste buds in the side-wall of the and root of the tongue and 

Br 2e; b, isolated taste bud from the lateral a]so parts of the soft palate, 

aste organs of a rabbit. c,isolated supporting R 

cells (Dz) and sense cells ($z) from the same, making these parts capable 
of the taste sensation. 

The so-called taste-buds found in special papille (papille cireum- 
vallatie), with their central fibre-like cells, are explained as the 
pereipient organs of this sense (fig. 89 a, b, c). Taste is, asa rule, 
connected with the tactile and temperature sensations of the buccal 
cavibty, and also with the olfactory sensations. Finally, special organs 
of taste appear to be present also in the Molluses and Arthropods as 
a specific sensory epithelium at the entrance to the buccal cavity. 

In the lower animals the taste and olfactory organs are still less 
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elearly distinguishable than in the higher, and there are numerous 
senses of an intermediate character for the purpose of testing the 
surrounding medium. 

The sense-organs of the lateral line of Fishes and Salamanders, and 
the organs resembling taste-buds of the Hirudinea and Chxtopoda 
have been described as organs of a sixth sense. They probably bring 
about certain sensations referring to the quality of the water. 


PSYCHICAL LIFE” AND INSTINCT, 


The higher animals are not only rendered conscious of the unity 
of their organization by their feelings of comfort and discomfort, 
pleasure and pain, but also possess the power of retaining residua 
of the impressions of the outer world conveyed through the senses, 
and of combining them with simultaneously perceived conditions of 
their bodily state. In what manner the irritability of the lower pro- 
toplasmie organisms leads by gradual transitions and intermediate 
steps to the first affeetion of sensation and consciousness is as 
completely hidden from us as are the nature and essence of the 
psychical processes which we know are dependent on the movement 
of matter. 

We are, however, justified in supposing that a nervous system 
is indispensable for the development of these internal conditions: 
which may be compared with that condition of our own organization 
called consciousness. Again, as animals have sense-organs capable: 
of receiving impressions of definite quality from external causes, 
together with a capacity for retaining in their memory residua of 
their perceptions, and the power of connecting them with present and 
with the recolleetion of past states of bodily sensation so as to form 
judgments and conclusions, they possess all the conditions essential! 
for the operation of the intelligence; and, as a matter of fact, they 
do manifest in an elementary form nearly all the phenomena which 
distinguish human intelligence. 

The actions of animals are not only voluntary, the result of experi- 
ence and intelleetual activity, but are also largely determined by 
internal impulses which work independently of consciousness, and 
cause numerous, often very complicated, actions useful to the organism. 
Such impulses tending to the preservation of the individual and the 


* W, Wundt, “ Vorlesungen über die Menschen und Thierseele.” 2 Bde. 
Leipzig, 1863. W. Wundt, “Grundzüge der physiologischen Psychologie,” 
Leipzig, 1874. 
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species are called instincts;* and they are usually regarded as a 
special property of the lower animals, and contrasted with the 
conscious reason of Man. But just as the latter must be looked 
upon as a higher form of the understanding and intelleet, and not 
as something essentially distinet from them, so a closer examination 
shows that instinet and the conscious understanding do not stand in 
absolute contrast, but rather in a complex relation, and cannot be 
sharply marked off from one another. For if, according to the 
general view, we recognise the essence of instinct in the unconseious 
and the innate, still we find that actions which were at first performed 
under the direction of conscious intelligence become, by constant 
practice, completely instinetive and are performed unconsciously ; 
and that, in accordance with the theory of descent, which the whole 
connection of natural phenomena renders so probable, instinets have 
been developed from small beginnings, and have only been able to 
reach the high and complicated forms which we admire in many of 
the more highly organised animals (Hymenoptera), when assisted 
by a certain amount, however small, of intelleetual activity. 

Instinet accordingly may be rightly defined as a mechanism which 
works unconsciously, and is inherited with the organization, and 
which, when set in motion by external or internal stimuli, leads to 
the performance of appropriate actions, which apparently are directed 
by a conscious purpose. We must not, however, forget that while 
the intellectual activities are the direct means whereby higher and 
more complicated instincts arise from simple ones, they themselves 
depend upon mechanical processes. We may well suppose that the 
simplest form of instinet is identical with the definite reaction of 
living matter following a stimulus, or, in other words, with that 
special form of molecular change which is caused by an external 
action (as, for instance, the contraction of an Ameba when brought 
into contact with a foreign body). 

By the theory of partly instinctive, partly intelleetual processes, 
we may explain the phenomena of association in societies so often 
found among the higher animals,t £.e., the association of numerous 


* Compare H. S. Reimarius, ‘Allgemeine Betrachtungen über die Triebe 
der Thiere,’’ Hamburg, 1773. P.Flourens, “De l’instinet et de l’intelligence 
des animaux,” Paris, 1851. 

T The origin of the so-called animal stocks with incomplete or confined 
individuality among the lower animals is quite different, and merely determined 
by processes of growth ; at the same time the advantage for the preservation 
of the species gained by the fusion is the same, Cf. the animal stocks of the 
Vorticellide, Polyps, and Siphonophora, Bryozoa and Tunicata. 





REPRODUCTIVE ORGANS, 95 


individuals into communities—the so-called animal-polities—which 
may be complicated by the division of labour (Bees, Wasps, Ants, 
Termites). 

In fact here the combined action appears to be mutually assisting 
or mutually limiting, as we find in the so-called animal stocks, 
the individuals of which are bound together by continuity of 
body. The advantages to be gained by this mutual rendering of 
service are not merely limited to the greater facilities for nourish- 
ment and defence, and therefore for the preservation of the in- 
dividual ; but, above all, tend to the maintenance of the ofispring, 
and hence to the preservation of the species. It is for this reason 
that the simplest and commonest associations, from which the more 
complicated communities, subdivided by partition of labour, are 
derived, are generally communities of both sexes of the same 
species. 


REPRODUCTIVE ORGANS, 


On account of the limit set to the duration of the life of every organ- 
ism, it appears absolutely necessary for the preservation of the animal 
and vegetable kingdoms that new life should originate. The forma- 
tion of new organisms might be due to spontaneous generation 
(generatio eqwivoca) ; and formerly this was supposed to take place, 
not only in the simpler and lower organisms, but also in the more 
complicated and higher. Aristotle thought that Frogs and Eels arose 
spontaneously from slime; and the appearance of maggots in putre- 
fying meat was, till Redi’s time, explained in the same manner. 
With the progress of science the limits within which this supposition 
could be applied became ever narrower, so that they soon came to 
include only the Entozoa and small animals found in infusions. 
Finally it has been shown by the researches of late years that these 
organisms also must, for the most part, be withdrawn from the region 
of the generatio equivoca ; so that at present, when the question of 
spontaneous generation is discussed, it is only the lowest organisms, 
those found in putrefying infusions, that are considered. The 
greater number of investigators,* supported by the results of 


* Of. especially Pasteur, “ Memoire sur les corpuseules organises qui existent 
dans l’atmosphere ” (Ann. des. Sc. Nat.), 1861; also ‘“Experiences relatives 
aux generations dites spontanees ” (Compt. rend. de l’Acad. des Sciences, 
tome 50). 
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numerous experiments, have rejected, even for the latter animals, 
the idea of spontaneous generation, which, however, still finds in 
Pouchet* a prominent and zealous supporter. 

Biogenesis, as opposed to abiogenesis, or spontaneous generation, 
must be regarded as the usual and normal form of reproduction. 
Fundamentally it is nothing else than a growth of the organism 
beyond the sphere of its own individuality, and can be always reduced 
to a separation of a part of the body, which develops into an indi- 
vidual resembling the parent organism. Nevertheless the nature 
and method of this process differ extraordinarily; and various kinds 
of reproduction can be distinguished, viz., fission, budding (spore- 
formation), sewual reproduction.+ 

Reproduction by fission, which, with that by budding and spore- 
formation, is included under the term monogenous asewual reproduc- 
tion, is found widely scattered in the lowest animals, and is also of 
special importance for the reproduction of the cell. It consists 
simply of a division of the organism into two parts by means of a 
constriction which gradually becomes deeper, and eventually leads to 
the separation of the whole body of the organism into two individuals 
of the same kind. If the division remains permanently incomplete, 
and its products do not completely separate from each other, con- 
pound colonies of animals arise. The number of individuals in such 
eolonies increases by a continuation of the process of incomplete and 
often dichotomous division of the newly-formed individuals (Vorti- 
cella, Polyp stocks). The division may take place in various direc- 
tions—longitudinal, transverse, or diagonal. 

Budding differs from fission by a precedent disproportionate 
and asymmetrical growth of the body, giving rise to a structure 
not absolutely necessary to the parent organism which is developed 
to a new individual, and by a process of constrietion and division 
becomes independent. If the buds remain permanently attached 
to the parent, we have here also the conditions necessary for the 
formation of a colony (Polyp colonies). Sometimes the budding 
takes place at various parts of the outer surface of the body, 
irregularly or obeying definite laws (Ascidians, Polyps); sometimes 
it is localised to a definite part of the body, separated off as a @erm- 
stock (Salpa, stolo prolifer). 'The cell-layers distinguished as germinal 

* Pouchet, “Nouvelles experiences sur la generation spontanee et la resist- 
ance vitale,” Paris, 1864. 


+ ©£. R. Leuckart’s article, “ Zeugung” in R. Wagner’s “ Handwörterbuch 
der Physiologie.” 
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layers are repeated in the commencing buds, and from them the 
organs are differentiated. 

The reproduction by spores is characterised by the production 
within the organism of cells, which develop into new individuals in 
situ or after leaving the organism. But this conception of spores, 
which is taken from the vegetable kingdom, can only be applied to 
the Protozoa and coincides with endogenous cell-division. The cases 
of so-alled spore-formation amongst the Metazoa (germinal sacs of 
Trematodes) are probably identical with egg formation, and are to be 
reduced to a precocious maturation and spontaneous development of 
ova (Parthenogenesis, Pdogenesis). 

The digenous or sexual reproduction depends upon the production 
of two kinds of germinal cells, the combined action of which is 
necessary for the de- 
velopment of a new or- 
ganism. The one form of 
germ cells contains the 
material from which the 
newindividualarises,and 
is known as the egg-cell, 
or merely egg (ovum). 
The second form, the 
sperm-cell  (spermato- 
zoon), contains the ferti- 
lising material, semen or 
sperm, which fuses with 
the contents of the egg- 





Fıg. 90.—Generative organs of a Heteropod (Pterotra- 
chea) after R. Leuckart. a, Male-organs; 7, testis- 


cell, and in a way which Vd, vas deferens. 5, female organs; Ov, ovary; Ed, 
e . alb land; Zs, receptacul inis; Va - 
SS uok. understood gives re glan s, receptaculum seminis; Va, va 


the impetus to the de- 

velopment of the egg. The cell structures from which the eggs and 
sperm arise are called sexual organs, for reasons which will be evi- 
dent in the sequel ; the eggs being produced in the female organ or 
ovary, and the semen in the male organ or testis. The egg is the 
Jemale, and the semen the male product. 

The structure of the sexual organs presents extraordinary diffe- 
rences and numerous grades of progressive complication. In the 
simplest cases, both products arise in the body wall, the cells of which 
give rise at determined places to ova or spermatozoa (Celenterata). 
Sometimes they arise in the ectoderm (Hydroid-Medus:e), sometimes 
in the entoderm (Acalepha, Anthozoa),. A similar arrangement 

7 
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obtains in the marine Polychxta, in which the ova and spermatozoa 
are developed from the epithelium of the body-cavity (mesoderm), and 
dehisced into the body cavity. Usually, however, special glands, the 
ovaries and testes, are developed, which perform no other function 
than that of secreting ova and spermatozoa (Echinoderms). 

Asa rule, however, there are found associated with the male and 
female generative glands accessory structures and a more or less com- 
plicated arrangement of ducts, which discharge definite functions in 
connection with the development of the generative products subse- 
quent to their separation from the glands, and ensure a suitable 
meeting between the male and female elements (fig 90). The ovaries 
are provided with ducts, the oviducts, which are not rarely derived 


«a 
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Fıe. 91, a.—The female organs of Pulex (after Stein). Ov, ovarian tubes ; Rs, receptaculum 
seminis; V, vagina; @l, accessory gland. d, The male generative organs of a water-bug 
(Nepa) (after Stein). 7, testis; Yd, vasa deferentia; Gl, accessory glands; D, ductus ejacu- 
latorius, 

from structures serving quite another purpose (segmental organs), 

The oviduets, in their course, may receive glandular appendages of 

various kinds which furnish yolk for the nourishment of the ovum, 

or albumen to surround it, or material for the formation of a hard 
egg-shell (chorion). These functions may be sometimes discharged 
by the ovarian wall (Insects), so that the egg when it enters the 
oviduct has taken up its accessory yolk and acquired its firm egg- 
shell. Very often the ducts also discharge these various functions, 
and are divided into corresponding regions ; they are often dilated 
at part of their course to form a reservoir for the retention of the 
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eggs or of the developing embryos (uterus). Their terminal section 
presents differentiations subserving fertilization (receptaculum 
seminis, vagina, copulatory pouch, external generative organs). The 
efferent ducts of the testis, the vasa deferentia, likewise frequently 
give rise to reservoirs (vesieule seminales) and receive glands (pros- 
tate), the secretion of which mixes with the sperm fluid or surrounds 
aggregations of the spermatozoa with a firm sheath (spermatophors). 

The terminal section of the vas deferens becomes exceedingly 
muscular, and gives rise to a duetus ejaculatorius, which, as a rule, 
is accompanied by an external organ of copulation to facilitate the 
conveyance of the semen into the female generative organs. The 
generative organs present 
either a radial (Owienterata, 
Echinodermata) or a bilate- 
rallysymmetricalarrangement 
(fig. 91), a contrast which is 
visible in the typical arrange- 
ment of all the systems of 
organs. 

The simplest and most 
primitive condition of the 
generative organs is the her- 
maphrodite. Ova and sper- 
matozoa are produced in the 
body of one and the same 
individual, which thus unites Fıe. 92.—Sexual organs of a Pteropod (Cyınbulia) 
in itself all he Condiin e 


necessary for the preservation U, uterus. db, Acinus of the hermaphrodite gland 
ofthe same. 0, ova; S, spermatozoa. 





of the species, and alone 
represents the species. Instances of hermaphroditism are found in 
every group of the animal kingdom. But they are especially nume- 
rous in the lower groups, and also in animals in which the movements 
are slow (Land-snails, Flat-worms, Hirudinea, Oligocheta), or which 
live singly (Cestoda, Trematoda), or in attached animals which are 
without power of changing their position (Cirripedia, Tunicata, 
Bryozoa, Oysters). The hermaphrodite arrangement of the gene- 
rative organs presents great variation, which, to a certain extent, 
forms a gradual series tending towards the separation of the sexes. 
In the simplest enses, the points of origin of the two kinds of 
generative products lie close to one another, so that the spermatozoa 
and ova meet directly in the parent body (Ctenophora, Chrysaora). 
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The elements of both sexes arise in layers of cells which havea definite 
position beneath the entodermal lining of the gastro-vascular canals, 
and can be traced back to growths of the ectoderm. At a higher 
stage the ovaries and testes are united in one gland, the hermaphrodite 
gland (Synapta, Pteropoda), provided with a single duct common to 
the ova and spermatozoa (fig. 92), but which, as in Helix (fig. 93), 
may partially separate into vas deferens and oviduct. In other cases 
the ovaries and testes appear as completely separated glands with 
separate ducts, which may still open into a common cloaca (Cestoda, 
Trematoda, ıhabdocale 
Turbellarians, fig. 94), or 
may possess separate open- 
ings (Hirudinea, fig. 95). 
Two hermaphrodite in- 
dividuals may, and this 
appears to be the rule, 
mutually fertilise each 
other at the same time, 
or cases may occur in such 
hermaphrodites in which 
self-fertilization is sufücient 
for the production of oli- 
spring. But this original 
condition of self-fertiliza- 
tion appears to be the ex- 
ception in almost all 
hermaphrodites. Im those 
animals in which the ovary 





FıG. 93.—Sexualorgans of the Roman Snail (Helix and testis are not com- 
pomatia). Zd, hermaphrodite gland ; 29, its duct; pletely separated from one 
Ed, albumen gland; Od, oviduct and seminal Ex B 
groove; Vd, vas deferens; ?, protrusible penis; another cross-fertilization 


Fl, flagelum; Rs, receptaculum seminis; D, Een S Eessarvy 
finger-shaped gland; Z, Spiculum amoris ; @ö, 15 rendered 2 2y2 and 
common genital opening. self-fertilization prevented 


by the fact that the male 

and female elements are matured at different times (Snails, Salps). 
From this form of complete hermaphroditism the generative organs 
pass through a stage of incomplete hermaphroditism, in which, 
though the organs of both sexes are present, one of them is rudi- 
mentary, to reach the diecious condition in which the sexes are 
completely separated (Distomam fillicolle and hematobium). Animals 
in which the sexes are distinet not unfrequently present traces of an 
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hermaphrodite arrangement; such, for instance, as may be seen in 
the arrangement of the generative ducts of the Vertebrata. In the 
Amphibia both male and female generative ducts, which are secondarily 
derived from the urinary ducts, are developed in each individual. 
The oviduct (Müllerian duct)in the male atrophies, and is only repre- 
sented by a small rudiment (fig. 965, Mg); while, on the contrary, 
in the female, the vas deferens (Wolffian duct) is rudimentary, or, 
as in Amphibia, functions as the efferent duct for the kidney secre- 
tion (fig. 96a, hg). 

With the separation of the male 
and female gene- 
rative organs in 
different indivi- 
duals the most 
complete form of 
sexual reproduc- 
tion, so far as con- 
cerns division of 
labour, is reached; 
but at the same 
time a progressing 
dimorphism of the 
male and female 
individuals be- 
comes apparent. 
This is due to the 
fact that the or- Fıs.95.—Generative appu- 


ganization in bi- ratus of the medicinal 
leech. T, testis; Yd, vas 





FıG. 94.—Generativeappara- 
tus of a rhabdocale Tur- 


bellarian (Vortex viridis) sexual animals is : 
(after M. Schultze). 7, tes- en ar ao 
tis; Yd, vas deferens; 7», More and more seminalis; Pr, prostate ; 
animal vesicle: P N n C, penis; Ov, ovaries 
cle; 7, Pr  influenced by the with vagina and female 


trusible penis; Ov, ovary ; FE 
Ya, vagina; M, uterıs; deviating func- 


D, yolk gland; Rs, recep- tjons of thesexual 
taculum seminis. 
organs, and with the increasing 
complication of sexual life becomes modified for the performance 
of special accessory functions connected with the production of ova 
and spermatozoa. 

In the first place, the modification of the generative ducts of the 
two sexes in accordance with the function they have to perform 
determines the development of secondary sexual characters and of 
sexual dimorphism. Other organs as well as the generative appa- 


generative opening. 
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ratus present differences in the two sexes, being modified for the 
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Fıc. 960a.—Left urinary and generative or- FıG. 965, Left urinary and generative organs 


gans of a female Salamander without the ofamale Salamander, more diagrammatic. 
cloaca. Ov, ovary; N, kidney ; hg, urin- T, testis; Ve, vasa efferentia; N, kidney 
ary duct corresponding to the Wolffian with its collecting tubules; Mg, Mülle- 
duct; Mg, Müllerian duct as oviduct. rian duct as a rudiment; Wg, Wolfian 


duct or vas deferens; X7, cloaca with ac- 
cessory glands Dr, of the left side. 


performance of special functions in the sexual life. The female is 
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the passive agent in copulation, merely receiving the semen of the 
male; the female possesses material from which the offspring 











Fıs. 97@.—Male of Aphis platanoides. oe, ocelli; Zr, honey tubes; P, copulatory organ. 


develop, and accordingly takes care of the development of the 
fertilised egg and of the later fate of the offspring. Hence 
the female usually possesses a 
less active body and numerous 
arrangements for the protection 
and nourishment of her offspring, 
which develop either from eggs 
laid by the mother and sometimes 
carried about with her, or in the 
maternal body and are born alive. 
The function of the male is to 
seek, to excite, and to hold the 
female during copulation ; hence, 
as a rule, he possesses greater 
vigour and power of movement, 
higher development of the senses, 
various means of exeiting sexual 


feeling, such as brighter colour- Fre. 97, Apterous oviparous female of the 
same. 





ing, louder and richer voice, pre- 
hensile organs, and external organs for copulation (fig. 97, a, b). 
In exceptional cases, the functions relating to the maintenance of 
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the offspring may be discharged by the male, e.g., Alytes and the 
Lophobranchia. Male birds also often share with the female the 
labour of building the nest, of bringing up and proteeting the young. 
But it is a rare exception to find, asin Cottus and the Stickleback 
(Gasterosteus), that the care and protection of the young fall 
exclusively upon the male, that he only bears the brood pouch and 
alone builds the nest,—an exception which bears strong witness to 
the fact that the sexual differences both in form and function were 
first acquired by adaptation. 

In extreme cases, the sexual dimorphism may lead to so great a 
difference in the sexes that without a knowledge of their development 





Fıe. 98.—Chondracanthus gibbosus, magnified about 6 times. a, female from the side. 5, 
female from the ventral surface with the male (F) attached. c, male isolated, under strong 
magnification. An’, anterior antenna; An’, clasping antenn®; F’and F”, the two pairs 
of feet; A, eye; Ov, egg sacs; Oe, esophagus; D, intestine; M, mouth parts; 7, testis ; 
Va, vas deferens; Sp, spermatophore, 

and sexual relations, the one sex would be placed in a different family 

and genus to the other. Such extremes are found in the Rotifera 

and parasitice Copepoda (Chondracanthus, Lernx»opoda, fig. 98, a, 

b, c), and are to be explained as the result of a parasitie mode of life. 

The difference in the two kinds of individuals representing and 
maintaining the species, whose copulation and mutual action was 
known long before it was possible to give a correct account of the 
real nature of reproduction, has led to the designation “sexes,” from 
which the term sexual has been taken to apply to the organs and 
manner of reproduction. 
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In reality sexual reproduction is nothing else than a special form 
of growth. The ova and spermatoblasts represent the two forms 
of germinal cells which have become free, and which, after a mutual 
interaction in the process of fertilization, develop into a new 
organism. Nevertheless under certain conditions the egg can, like 
the simple germ cell, undergo spontaneous development ; numerous 
. instances of this mode of development, which is known as partheno- 
‚genesis, are found in Insects. The necessity of fertilization therefore 





Fıs. 99.—Viviparous form of Aphis platanoides. Oc, ocelli; Hr, honey tubes. 


no longer enters into our conception of the egg-cell, and no absolute 
physiological test is left to enable us to distinguish it from the germ- 
cell. Itis usual to regard the place of origin in the sexwal organ 
and in the female body as a feature distinguishing the ovum from a 
germ cell, but even with this morphological test we do not in each 
individual case arrive at the desired result (Bees, Bark-lice, Psychide). 
We have already given prominence to the fact that ovaries anıl 
testes, in the simplest cases, consist of nothing more than groups 
of cells of the epithelium of the body cavity or of the outer skin. 
These, however, do not acquire the character of sexual organs until, 
at a higher stage of differentiation, the contrast between the two 
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sexual elements has made its appearance. When the male elements, 
and with them the necessity of fertilization, are absent, and when, at 
_ the same time, the organ which produces the germ cells possesses, in 
its full development, a structure similar to that of an ovary, it 
becomes very diflieult to distinguish whether we have to do with 
a pseudovary (germ-gland), and with an animal which reproduces 
asexually; or with an ovary and a true female, whose eggs possess 





Fısg. 100.— Vivipa- 
rous Cecidomyia 
(Miastor) larva 
(after Al. Pagen- 
stecher). ZI, 
Daughter larvs 
developed from the 
rudimentary 
ovary. 


the capacity of developing spontaneously. It is 
only a comparison with the sexual form of the 
animal which makes the distinetion possible. To 
take the case of the Plant-licee or Aphides; in 
these animals we find a generation of viviparous 
individuals, easily distinguishable from the true 
oviparous females, which copulate and lay eggs. 
They resemble the latter in the fact that they 
are provided with a similar reproductive gland, 
constructed upon the ovarian type; but they differ 
from them in this important peculiarity, that 
they are without organs for copulation and ferti- 
lization (in correspondence with the absence of 
the male animal) (fig. 99). The reproductive cells 
of the organs known as pseudovaries have an 
origin precisely similar to that of eggs in the ova- 
ries, and only differ from ova in the very early 
commencement of the embryonic development. 
The viviparous individuals will therefore be more 
correctly regarded as agamic females peculiarly 
modified in the absence of organs for copulation 
and fertilization; and the reproductive cells are 


by no means to be relegated to the category of 


germ-cells (as formerly was done by Steenstrup). 
We must therefore speak of the reproductive pro- 
cesses in the Aphides as being sexual and partheno- 
genetic and not sexual and asexual. A comparison 
of the mode of reproduction of the Bark-lice with 
that of the Aphides, especially of the species Pem- 
phigus terebinthi, puts the correetness of this 
supposition beyond the sphere of doubt. 


A similar condition is found in the viviparous larva of Cecidomyia. 
Here the rudiment of the generative glands very early assumes a 
structure resembling that of the ovary, and produces a number of 
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reproductive cells which resemble ova in their method of origin, 
and at once develop into larve. The pseudovary is clearly derived 
from the rudiment of the sexual gland, but without ever reaching 
complete development (fig. 100). The ovary acquires to a certain 
extent the signification of an organ for producing germ-cells, and 
it is nob improbable that many products (ZRedia, Sporocyst) 
regarded as spores or germ-cells correspond to embryonic ovaric:. 
which produce ova cıpable of spontaneous development. 





Fig. 101.—Ovum of Nephelis (after O. Hertwig). a,the ovumhalf-an-hour after deposition. 
a projection of the protoplasın indicates the commencing formation of the first polar body ; 
the nuclear spindle is visible. d, The same an hour later, with polar body extruded, and 
after entrance of the spermatozoon. Sk, male pronucleus. c, The same another hour 
later without egg membrane, and with two polar bodies and male pronucleus (Sk); d,the 
same an hour later with approximated female and male pronuclei; 2%, polar bodies. 
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It follows from the facts of sexual reproduction that the simple 
cell must be regarded as the starting-point for the development of 
the organism. The contents of the ovum spontaneously or under 
the influence of fertilization enter upon a series of changes, the final 
result of which is the rudiment of the body of the embryo. These 
changes consist essentially in a process of cell division which implicates 
the whole protoplasm of the ovum, and is known as segmentation. 
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For a long time the behaviour of the germinal vesicle at the 
commencement of segmentation and its relation to the nuclei of the 
first formed segments were obscure, and the knowledge of the changes 
and fate of the spermatozoa which enter the ovum in the process of 
fertilization was, in like manner, in a very unsatisfactory state. Of 
late years, numerous investigations, especially those of Bütschli, 
O. Hertwig, Fol, ete., have thrown some light on these hitherto 
completely obseure processes. It was supposed that in a ripe ovum 
preparing itself for segmentation the germinal vesicle disappeared, 


a 




















Fıg. 102, a, b.—Parts of the ovum of Asterias glacialis with spermatozoa, embedded in 
the mucilaginous coat (after H. Fol.) c, upper part of the ovum of Petromyzon (after 
Calberla). Am, micropyle ; Sp, spermatozoa; Jm, path of the spermatozoon; Ek, female 
pronucleus; 2%, membrane of ovum; Ehz, prominences of the same. 


and a new nucleus was formed quite independently of it; and that the 
persistence and the participation of the germinal vesicle in the for- 
mation of the nuclei of the first segmentation spheres were exceptional 
(Siphonophora, Entoconcha, ete.) Thorough investigations carried 
out on the eggs of numerous animals have, however, shown that as 
a matter of fact the germinal vesicle of the ripe ovum only experi- 
ences changes in which the greater part of it, together with some of 
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the protoplasm of the ovum, is thrown out of the egg as the so-called 
directive bodies or polar cells (tig. 101). The part of it, however, 
which remains in the ovum retains its significance as a nucleus, and 
is known as the female pronucleus. This fuses with the single 
spermatozoon (male pronucleus) which has forced its way into the 
ovum (fig. 102); and the compound structure so formed constitutes 
the nucleus of the fertilized ovum, or as it is generally called, the 
first segmentation nucleus. 





Fig. 103.—Development of a Star-fish, Asteracanthion berylinus (after Alex. Agassiz). 1, 
Commencing segmentation of the flattened egg—at one pole are seen the polar bodies; 2, 
stage with two segments; 3, with four; 4, with eight; 5, with thirty-two segments; 6, 
later stage; 7, blastosphere with commeneing invagination; 8 and 9, more advanced 
stages of invagination. "The opening of the gastrula cavity becomes the anus. 


This new nucleus, which divides to give rise to the nuclei of the 
first segmentation spheres, would appear therefore to be the product 
of the fusion or conjugation of the part of the germinal vesicle, 
which remains behind in the ovum, with the male pronucleus, which 
is a derivative of the spermatozoon which has entered the ovum. 
Fertilization would appear, therefore, to depend upon the addition: 
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of a new element bringing about the regeneration of the primary 
nucleus of the ovum or germinal vesicle, and would have impressed 
its influence on the constitution of the conjugated nucleus, The 
regenerated ovum is therefore the starting-point of the subsequent 
generations of cells which build up the embryonie body. 

Both the origin of the polar bodies which takes place in the ripe 
ovum independently of fertilization, and the division of the segmen- 
tation nucleus are accompanied by the appearance of the nuclear 
spindle and star-shaped figures at the poles of the spindle which are 
so characteristie of the division of nucle. The male pronucleus, 
before it fuses with the female pronucleus, also becomes surrounded 
by a layer of clear protoplasm, around which a star-shaped figure 
appears (fig. 101). In those cases in which segmentation takes 
place without a precedent fertilization (parthenogenesis), the female 
pronucleus appears to possess within itself the properties of the first 
segmentation nucleus. 

The fertilization is followed by the process known as segmentation, 
in which the ovum gradually divides into a greater and greater 
number of smaller cells. Segmentation may be total, £.e., the whole 
ovum segments (fig. 103), or it may be partial, in which case only a 
portion segments (fig. 105). 

Total segmentation may be regular and eywal, the resulting seg- 
ments being of equal size (fig. 103); or it may sooner or later become 
irregular, the resulting segments being of two kinds—the one smaller 
and containing a preponderating amount of protoplasm, the other 
larger and containing more fatty matter. In these cases the seg- 
mentation is said to be unequal. The process of division proceeds 
much more quickly in the smaller segments, while in the larger and 
more fatty segments it is much slower, and may eventually come to 
a complete standstil. The development of the frog’s egg will serve 
as an example of unequal segmentation, of which there are various 
degrees (fig. 104). In this egg a dark pigmented and protoplasmie 
portion can be distinguished from a lighter portion containing 
much fatty matter or food yolk. The former is always turned 
uppermost in the water, and is therefore called the upper pole of 
the egg. The axis which connects the upper pole with the lower 
is known as the chief axis. The planes of the two first segmentation 
furrows pass through the chief axis and are at right angles to each 
other. They divide the egg into four equal parts. The third 
furrow (fig. 104, 4) is equatorial, taking place in a horizontal plane, 
and cutting the chief axis at right angles. It lies, however, nearer 
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the upper pole than the lower, and marks the line of division 
between the upper and smaller portion of the egg from the lower 


i 3 





Fıg. 104.—Unequal segmentation of the Frog’s egg (after Ecker) in ten successiye Blages. 


and larger portion, in which the segmentation proceeds much more 
slowly than in the former. 

In partial segmentation we find a sharply marked contrast between 
the formative and 
nutritive parts of the 
egg, inasmuch as the 
latter does not seg- 
ment. The terms 
holoblastie and me- 
roblastic therefore 
have been applied to 
total and partial seg- 
mentation respec- 
tively. 

Nevertheless,, in 
total segmentation 
also, either groups of 
Segments of a definite 
quality, or, at any 
rate, a fluid yolk 


material may be used Fıe. 105. Segmentation of the germinal disc of a Fowl’s egg, 
. surface view (after Kolliker). A, germinal disc with the 
for the nourishment first vertical furrow; B, the same with two vertical furrows 
of the developing erossing one another at right angles; C and D, more ad- 
anced stages with l n 
embryo, In fact, the vanced stages wit Bg l central segments 


contents of every egg consists of two parts—(1) of a viscous albu- 
minous protoplasm; and (2) of a fatty granular matter, the 
deutoplasm, or food yolk. The first is derived from the protoplasm 
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of the original germinal cell, while the yolk is only secondarily 
developed with the gradual growth of the first; and not unfrequently 
it is derived from the secretion of special glands (yolk glands, Trema- 
todes) ; it may even be added in the form of cells. 

In the Ctenophora and other Cclenterata we see already in the 
first-formed segments the separation of the formative matter or 
peripheral ectoplasm from the nutritive matter or central 
endoplasm. 

In eggs undergoing a partial segmentation the formative matter 
usually lies on one side of the large unsegmenting food yolk. In 
accordance with this, the segments of such eggs, known as Zeloleeithal, 
arrange themselves in the form of a flat dise (germinal disc); hence 
this kind of segmentation has been called discoidal (eggs of Aves, 
Reptilia, Pisces) (fig. 105). The food yolk may, however, have a 
central position. In such centroleeithal eggs the segmentation is 





Fıg. 106.—Unequal segmentation ofthe centrolecithal egg of Gammarus locusta (in part after 
Ed. van Beneden). 'I'he central yolk mass does not appeartill a late stage and undergoes 
later an “ after-segmentation.” . 


confined to the periphery, and is sometimes equal (Palemon) and 
sometimes unequal (fig. 106). The central yolk mass may at first 
remain unsegmented, but later it may undergo a kind of after- 
segmentation and break up into a number of cells (fig. 106). Again, 
in other cases the food yolk, at the commencement of segmentation, 
has a peripheral position, so that the cleavage process is at first 
confined to the inner parts of the egg, and only in later stages, when 
the food yolk has gradually shifted into the centre of the egg, 
appears as a peripheral layer on the surface, This is found especially 
in the eggs of Spiders (fig. 107). The first processes of segmentation 
in these at first ectoleeithal ova are withdrawn from observation, 
since they take place in the centre of an egg covered by a superficial 
layer of food yolk, until the nuclei with their protoplasmie invest- 
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ment reach the periphery, and the fatty and often darkly-granular 
food yolk comes to constitute the central mass of the egg (Insects). 
As various as the forms of segmentation are the methods by which 
the segments are applied to the building up of the embryo. Fre- 
quently in cases of equal segmentation the segments arrange them- 
selves in the form of a one-layered ve:icle, the blastosphere, the 
central cavity of which not rarely contains fluid elements of the food 
yolk; or they are at once divided into two layers around a central 
eıvity containing fluid; or they form a solill mass of cells without 





Fre. 107.—Six stages in the segmentation ofa spider's egg (Philodromus limbatus) after Hub 
Ludwig. A,egg with two deutoplasmic rosette-like masses (segmentation spheres); B, 
the rosette-like masses with their centrally placed nucleated protoplasm without egg 
membrane; (, egg with a great-number of rosette-like masses ; D, the rosette-like masses 
have the form of polyhedral deutoplasmic columns, each of which has a ceii of tlıe blas- 
toderm lying immediately superficial to it; Z, stage with blastoderm completely formed ; 
F, optical section through the same. The yolk columns form within the blastoderm a 
closed investment to the central space. 


any central cavity. In numerous cases, especially when the food 
yolk is relatively abundant (unequal and partial segmentation) or the 
food supply continuous, the embryonie development is longer and 
more complicated. The embryonie rudiment in such cases has at 
first the form of a dise of cells lying on the yolk; it soon divides into 


two layers, and then grows round the yolk. 
8 
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The two-layered gastrula is, as a rule, developed from the blasto- 
sphere by invagination (embolie invagination). In this process the one 
half (sometimes distinguished by the larger size and more granular 
nature of its cells) of the cell wall of the blastosphere is pushed 
in upon the other half (fig. 108), and on the narrowing of the 





Fıe. 108.—A, Blastosphere of Amphioxus; B, invagination ofthe same; C, gastrula, invagi- 
nation completed ; O, blastopore (after B, Hatschek). 
aperture of invagination (blastopore, mouth of gastrula) becomes the 
endodermal layer (Aypoblast) lining the gastrula cavity. The outer 
layer of cells constitutes the ectoderm or epiblast. This mode of 
formation of the gastrula, which is very common, is found, e.g., in 
Aseidians, and amongst the Vertebrata in Amphioxus (fie. 108). 
More rarely the gastrula arises by delamination. This process 
consists of a concentrie splitting of the cells of the blastosphere 
into an outer layer (epiblast), and an inner (hypoblast) (fig. 109). 





Fıs, 109.—Transverse sections through three stages in the segmentation of Geryonia (after 
H. Fol.) A, stage with thirty-two segments, each segment is divided into an external 
finely granular protoplasm (ectoplasm) and an inner clearer layer (endoplasm) ; 3, later 
stage; C, embryoafter delamination; with ectoderm slightly separated from the endoderm, 
which is composell of large cells surrounding the segmentation cavity. 


The central cavity of the gastrula in this case is derived from the 
original segmentation cavity, and the gastrula mouth is only 
secondarily formed by perforation. This method of development 
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of the gastrula has hitherto only been observed in some hydroid 
Medus® (Geryonia). 

Finally, when the inequality of the segmentation is very pro- 
nounced, the gastrula is formed by a process known as epibole. In 
this process of development the epiblast cells, which are early distin- 
guishable from the much larger hypoblast cells, spread themselves 
over the latter as a thin layer (fig. 110); and in this, as in the 
second method of development of the gastrula, the cavity of the 
gastrula is, as a rule, a secondary formation in the centre of the 
celosely-packed mass of hypoblast cells. "The blastopore is usually 
found at the point where the complete enclosure of the hypoblast 
is effected. 

It sometimes happens that a part of the primary blastosphere is 
developed more rapidly than the remainder, and gives rise to a 


4 





Fıs. 110.—A, Unequal segmentation of the egg of Bonellia; B, epibolic gastrula of the 
same (after Spengel). 


bilaterally-symmetrical stripe-like thickening placed on the dorsal or 
ventral surface of the embryo. Frequently, however, such a germinal 
or primitive streak is not developed, and the rudiment of the embryo 
eontinues to develop uniformly. Formerly great importance was 
attached to these differences, the one being distinguished as an 
evolutio ex una parte, and the other an evolutio ex ommibus partibus 
It is not, however, possible to draw a sharp line between these two 
methods of development, nor have they the significance which was 
formerly ascribed to them, for closely allied forms may present great 
differences in this respect according to the amount of food yolk and 
the duration of the embryonie development. 

The Coelenterata, the Echinoderms, the lower Worms and Mol- 
luses, Annelids, and even Arthropods and Vertebrates (Amphioxus) 
present us with examples of regular development of all parts of the 
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body of the embryo which, if the yolk membrane fails, has no neod 
of a special proteetive envelope. In this latter group, however, the 
formation of the germinal streak, which is in close relation with 
the formation of the nervous system, is accomplished later, during 
the post-embryonic development, when the larva is free-swimming 
and can procure its own food. In like manner many Polychztes 
and Arthropods (Branchipus) only acquire a germinal streak in 
the course of their later growth as larv. 

In all cases in which the embryonie development begins by the 
formation of a germinal streak, the embryo only becomes definitely 
limited after the yolk has been gradually surrounded, as a result 
of processes which are connected with the complete entry of the 
yolk into the body cavity (Frogs, Insects), or with the origin of a 
yolk sac from which the yolk passes gradually into the body of the 
embryo (Birds, Mammals). The progressive organization of this 
latter, up to its exit from the egg membranes, presents in each 
group such extraordinary variations that it is not possible to give 
a general account of them. 

Of primary importance is the fact that in the rudiment of the 
germ two cell layers first make their appearancee—one the ectoderm, 
which gives rise to the outer integument; and the other the endoderm, 
from which arises the lining membrane of the digestive cavity and 
of the glands opening into it. Between these two layers there is 


formed, either from the outer or the inner layer, or from both layers, 


an intermediate layer, known as the mesoderm. From the mesoderm 
arise the muscular system and the connective tissues, the corpuscles 
of thelymph and blood, and the vascular system. The body cavity 
may either be derived from the persisting segmentation cavity, &.e., 
the primitive space between the ectoderm and endoderm (primary 
body cavity), or it may be developed secondarily as a split in the 
mesoderm (celom), or as outgrowths from the rudiment of the 
alimentary canal (archenteron), in which case it is known as an 
enterocale body cavity. 

The nervous system and organs of sense are probably in all cases 
derived from the ectoderm, very frequently as pit- or groove-like 
invaginations which are subsequently constrieted of. On the other 
hand, the urinary and generative organs arise both from the outer 
and inner layers as well as from the middle layer, which is itself 
derived from one of the primary layers or from the walls of the 
primary single-Jayered blastosphere, 

Accordingly, as a rule the rudiments of the skin and glandular 
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lining of the alimentary canal are the first differentiations in the 
embryo; and many embryos, the so-called Planul® and Gastrul&, on 
leaving the egg, have only these two layers and an internal cavity, 
the archenteron. Then follows the development of the nervous 
and: muscular systems,—the latter taking place sometimes contem- 
poraneously with or after the first appearance of the skeleton,— 
especially in cases in which a germinal streak is developed. The 
urinary organs and various accessory glands, the blood-vessels and 
respiratory organs do not appear till later. 

The degree of difference between the offspring on attaining the 
free condition (i.e., at birth or hatching) and the sexually mature 
adults, both as regards form and size as well as organization, varies 
considerably throughout the animal kingdom. 

It is a very striking fact that an embryo provided with a central 
cavity and a body wall composed of only two layers of cells appears 
in different groups of animals as a freely moveable larva capable of 
leading an independent life. Having recognized this fact, it was 
not a great step, especially as Huxley” some time ago had compared 
the two membranes of the body wall of the Meduss (called later 
by Allman ectoderm and 'endoderm) with the outer and inner 
layers of the vertebrate blastoderm (epiblast and hypoblast), to arrive 
at the conclusion that there was a similar phylogenetie origin for the 
similar larve of very different animal types, and to trace back the 
origin of organs functionally resembling each other to the same 
primitive structure. 

It was A. Kowalewskit who, by the results of his numerous 
researches on the development of the lower animals, first gave this 
conception the groundwork of fact. He not only proved the occur- 
rence of a two-layered larva in the development of the Cellenterata, 
Echinoderms, Worms, Ascidians, and in Amphioxus amongst Verte- 
brates, but also on the ground of the great agreement in the later 
developmental stages of the larv® of Ascidians and Amphioxus 
and in the mode of origin of equivalent organs in the embryos 
of Worms, Insects, and Vertebrata, protested against the hitherto 
universally received view implied in Cuvier’s conception of types, 
that the organs of different types could not be homologous with one 
another. 

* Th. H. Huxley, ‘‘Onthe Anatomy and Affnities of the family of Medusz.” 
Philosophical Transactions. London, 1849. 

7 Cf. A. Kowalewski’s various papers in the “ M&moires de l’Acad. de Peters- 
bourg,” on Ctenophora, Phoronis, Holothurians, Ascidians, and Amphioxus, 1866 
and 1867. 
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Inasmuch as Kowalewski,* from the results of his embryological 
work, drew the conclusion that the nervous layer and embryonie skin 
of Insects and Vertebrates are homologous, and that the germinal 


layers of Amphioxus and Vertebrates correspond with those of 


Molluses (Tunicata) or worms, he was in agreement with the long 
recognised fact that anatomical transitional forms and intermediate 
links between the different groups or types of animals exist, and that 
these latter do not represent absolutely isolated planes of organization, 
but the highest divisions in the system, and he only gave in reality 
an embryological expression to the claims of the descent theory. In 
fact, the conclusion which Kowalewski reached was completely 
correet—viz., that the homologies of the germinal layers in the 
different types afford a scientific basis for comparative anatomy and 
embryology, and must be recognised as the starting-point for the 
proper understanding of the relationships of the types. For this 
position we find amongst the vertebrata proofs at every step. 

But while his own comprehensive embryological experiences inspired 
Kowalewski, the founder of the theory of the germinal layers, with a 
prudent reserve, other investigators, inclined to bold generalization, 
appeared at once with ready theories, in which the results of embryo- 
logical investigations were interpreted in accordance with the theory 
of descent. Among these E. Haeckel’s gastr&a theory is especially 
prominent, which raises no less a claim “than to substitute, in the 
place of the classification hitherto received, a new system based on 
phylogeny, of which the main principle is homology of the germinal 
layers and of the archenteron, and secondarily on the differentiation 
of the axes (bilateral and radial symmetry) and of the c&lom.” 
E. Haeckelt designated the larval form used as the point of depar- 
ture the Gastrula, and believed to have found in it the repetition 
in embryonie development of a common primitive form, to which the 
origin of all Metazoa may be traced back. To this hypothetical 

_Prototype, which is supposed to have lived in very early times during 
the Laurentian period, he gave the name of G@astrea, and called the 
ancient group, supposed to be widely scattered and to consist of 
many families and genera, by the name Gastr@ade. From this sup- 
position was deduced the complete homology of the outer and inner 


* A. Kowalewski, “Embryologische Studien an Würmern und Arthropoden.” 


Petersburg, 1871, p. 58-60, 

f E. Haeckel, “ Gastr®atheorie,” Jen. nat, Zeitschrift, 1874.” For ceritieism 
see 0, Claus, “Die Typenlehre und Haeckel’s sogenannte Gastr&atheorie,” 
Vienna, 1874, 
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germinal layers throughout the whole Metazoa ; the one being traced 
back to the eetoderm and the other to the endoderm of the hypothe- 
tical Gastrea; while for the middle layer, which is only secondarily 
developed from one or both of the primary layers, only an incomplete 
homology was claimed. It cannot, however, be said that this theory, 
which is essentially an extension of the Baer-Remak theory of the 
germinal layers from the Vertebrata to the whole group of Metazoa, 
with its pretentious and hasty speculation has created a basis for 
comparative embryology; such a basis can only be obtained as the 
result of comprehensive investigations. 


DIRECT DEVELOPMENT AND METAMORPHOSIS, 


. The more complete the agreement between the just born young and 
the adult sexual animal, so much the greater, especially in the higher 
animals, will be the du- n 
ration of the embryonic 
development and the 
more complicated the 
developmental processes 
of the embryo. The 
post-embryonic develop- 
ment will, in this case, 
be confined to simple 
processes of growth and 
perfection of the sexual 
organs.. When, how- 
ever, embryonic life has, 
relatively to the height 
of the organization, a Y U 


quick and simple course,  Fıe.111.—Larval stazes of the Frog (after Ecker). a, 
when, in other words, embryo some time before hatching, with wart-like gill 
3 f papille on the visceral arches. d, Larva some time 
the embryo is born in after hatching, with external branchi®. ce, Older larva, 
an immature condition with horny beak and small branchial clefts beneath 
E theintegumentary operculum, with internal branchi®; 
and at a relatively low N, nasal pit; 8, sucker; X, branchi®@; A, eye; Hz, 


stage of organization, Hemy weih. 

the post-embryonie development will be more complicated, and 
the young animal, in addition to its increase in size, will present 
various processes of transformation and change of form. In such 
cases, the just hatched young, as opposed to the adult animal, is 
called a Zarva, and develops gradually to the form of the adult 
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sexual animal. The development of larvie, however, is by no means 
direct and uniform, but is complicated by the necessity for special 
‚ contrivances to enable them to procure food and to protect them- 
selves; sometimes taking place in an entirely different medium, 
under different conditions of life. This kind of post-embryonie 
development is known as metamorphosis. 

Well-known examples of metamorphosis are afforded by the deve- 
lopmental histories of the Inseeta and Amphibia. From the eggs 
of Frogs and Toads proceed larve provided with tails, but without 
limbs, the so-called Tadpoles (fig 111). These, with their laterally 
compressed tails and their gills, remind one of fishes, and they possess 
organs of attachment in the form of two small cervical suckers by 
which they can anchor themselves to plants. The mouth is provided 
with horny plates; the spirally coiled intestine is surprisingly long; 
the heart is simple; and the vascular arches have the piscine relations. 
Later, as development proceeds, the external branchix abort, and are 
replaced by new branchis covered by folds of the integument, the 
caudal fin is enlarged, and the fore and hind limbs sprout out; the 
fore limbs remain for some time covered by the integument, and only 
subsequently break through it to appear on the surface. Meanwhile 
the Jungs have developed as appendages of the anterior part of the 
alimentary canal, and supplant the gills as respiratory organs, a 
double eirculation is developed, and the horny beak is cast off. 
Finally the tail gradually shrinks and atrophies; on the completion 
of which the metamorphosis of the aquatie tadpole into the frog or 
toad suited for life on land is accomplished (fig. 112). 

We have then to consider two kinds of development, viz., develop- 
ment with a metamorphosis and direct development, which in extreme 
cases are distinctly opposed to each other, but are connected by inter- 
mediate methods. The size of the egg, or, in other words, the amount 
of food yolk available for the use of the embryo in proportion to the 
size of the adult animal appears to be a factor of primary importance 
in any explanation of these two distinet processes (R. l,euckart), 
Animals with a direct development require—generally in pro- 
portion to the height of their organization and the size of their 
bodies—that their eggs should be provided with a rich endowment 
of food yolk, or that the developing embryo should possess a special 
accessory source of nutriment; they arise therefore either from 
relatively large eggs (Birds), or they are developed inside, and in 
close connection with the maternal body, by which arrangement 
they have a continual supply of food material (Mammals). Animals, 
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on the contrary, which pass through a metamorphosis always arise 
from eggs of relatively small size, are hatched in an immature con- 
dition as larve, and obtain independently, by their own activity, the 
materials which have been withheld from them while in the egg, 
but which are necessary for their full development. The number 
of embryos produced in the case of a direct development is, in 
proportion to the total weight of the material applied by the mother 
for reproductive purposes, far smaller than in the case of a develop- 
ment with metamorphosis. The fertility of animals whose young 





Fıe. 112.—Later stages in the development of Pelobates fuscus. a, larva without limbs 
with well developed tail; 5, older larva with hind limbs ; ce, larva with two pairs of limbs, 
d, young frog with caudal stump; e, young frog after complete atrophy of tail. 


„ndergo a metamorphosis, or, in other words, the number of offspring 
produced from a given mass of formative material, is increased to 
an extraordinary degree, and has, in the complicated relations of 
organie life, a great physiological significance, though systematically 
it is of little importance. 

Some time ago it was attempted to explain these indirect meta- 
morphoses, in which both processes of reduction and new development 
take place, as the result of the necessity which the simply organized 


122 ORGANIZATION AND DEVELOPMENT OF ANIMALS IN GENERAL, 


larva, hatched at an early stage of development, laboured under or 
acquiring special arrangements for its proteetion and nourishment 
(R. Leuckart). 'The proof that such relations do exist between 
the special larval organs and the peculiar methods of nutrition and 
protection is an important factor for the full understanding of these 
remarkable processes, but stillis byno means an explanation of them. 
It is only by aid of the Darwinian principles and the theory of 
descent that we can get nearer to an explanation. According to 
this theory, the form and structure of larv» are to be considered in 
relation to the development of the race, £.e. phylogeny, and are to be 
derived from the various phases of structure through which the 
latter has passed in its evolution, and in such a way that the younger 
larval stages would correspond to the primitive, and the older, on 
the other hand, to the more advanced and more highly organized 
animals, which have appeared later in the history of the race. In 
this sense the developmental processes of the individual constitute a 
more or less complete recapitulation of the developmental history of 
the species, complicated, however, by secondary variations due to 
adaptation, which have been acquired in the struggle for existence * 
(Fritz Müller’s fundamental principle, called by Haeckel the funda- 
mental law of biogenesis). 

The greater the number of een, therefore, through which the 
larva passes, the more completely is the ancestral history of the 
species preserved in the developmental history of the individual ; 
and it is the more truly preserved the fewer the peculiarities of 
the larva, whether independently acquired, or shifted back from 
the later to the earlier periods of life (Copepoda.) On the other 
hand, there are certain larval forms without any phylogenetie 
meaning which are to be explained as having been secondarily 
acquired by adaptation (many Insect larv:e). 

The historical record preserved in the developmental history 
becomes, however, gradually defaced by simplification and shortening 
of the free development; for the successive phases of development 
are gradually more and more shifted back in the life of the 
embryo, and run their course more rapidly and in an abbreviated 
form, under the protection of the egg membranes, and at the cost 
of a rich supply of nutrient material (yolk, albuinen, placenta). In 
animals with a direct development, therefore, the complicated deve- 
lopment within the egg membranes is a compressed and simplified 


* Fritz Müller, “Für Darwin,” Leipzig, 1863, p. 75—81. 
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metamorphosis, and hence the direct development, as opposed to 
the metamorphosis, is a secondary form of development. 


ALTERNATION OF GENERATIONS, POLYMORPHISM AND HETEROGAMY. 


Both in direct development and indirect development by means 
of a metamorphosis, the successive stages take place in the life- 
history of the same individual. There are, however, instances of 
free development, in which the individual only passes through a 
part of the developmental changes, while the oflspring produced by 
it accomplishes the remaining part. In this case the life-history 
of the species is represented by two or more generations of indivi- 
duals, which possess different forms and organization, exist under 
different conditions of life, and reproduce in different ways. 

Such a manner of development is known as alternation of genera- 
tions (metagenesis), and consists of the regular alternation of a 
sexually differentiated generation with one or more generations 
reproducing asexually, This phenomenon was first discovered by 
the poet Chamisso* in the Salpide ; but the observation remained 
for more than twenty years unnoticed. It was rediscovered by 
J. Steenstrup, f and discussed in the reproduction of a series of animals 
(Medus«, Trematoda) as a law of development. The essence of the 
process consists in this, that the sexual animals produce offspring, 
which through their whole life remain different from their parents, 
but can give rise by an asexual process of reproduction to a gener- 
ation of animals which resemble in their organization and habits 
of life the sexual form, or again produce themselves asexually, their 
offspring assuming the characters of the original sexual animal. 
So that in the last case the life of the species is composed of three 
different generations proceeding from one another, viz., sexual 
form, first asexual form, and second asexual form. The development 
of the two, three, or more generations may be direct, or may take 
place by a more or less complicated metamorphosis; similarly the 
asexual and the sexual generations sometimes differ but little from 
each other (e.g. Salpa), and sometimes present relations analogous 
to those which exist between a larva and the adult animal (e.g. 
. * Adalbert de Chamisso, “De animalibus quibusdam e classe vermium 
Linnzana in circumnavigatione terre auspicante comite N. Romanzoff duce 
Ottone de Kotzebue annis 1815, 1816, 1817, 1818 peracta.” Fasc, I. De salpa 
Berolini 1819. 


+ Joh. Jap. Sm. Steenstrup, “ Ueber den Generationswechsel, ete,” übersetzt 
von C. H. Lorenzen. Kopenhagen, 1342, 
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Medus&®). Accordingly we have to distinguish different forms of 
alternations of generations, which have genetically a different origin 
and explanation. 

The latter form of alternations of generations resembles metamor- 
phosis; and we have in most cases to explain it as having arisen 
in the following way .:—The asexual form corresponds to a lower 
stage in the phylogenetic history, from which it has inherited the 
capacity of asexual reproduction, while the sexual reproduction belongs 
entirely to the higher form. To take as an example the alternation 
of generations of the Scyphomedus®. The animal is hatched as a 
free-swimming ciliated planula (gastrula with closed blastopore) (fig. 
113 a). After a certain time it fixes itself by the pole of its body, 





Fıe. 113.—Deyvelopment of the planula of Chrysaora to the Scyphistoma stage, with eight 
arms. a, Two layered planula with a narrow gastric cavity; b, the same after its 
attachment with just-formed mouth (O), and commencing tentacles; ce, four-armed Scy- 
phistoma polyp ; (sk, excreted cuticular skeleton ; d, eight-armed Scyphistoma polyp 
with wide mouth; M, longitudinal muscles of the gastrio ridges; Csk, excreted cuticular 
skeleton. 


which is direeted forward in swimming, and acquires at its free ex- 
tremity a new mouth, round which 1, 2, 4, 8, and finally 16 long 
tentacles soon make their appearance; while the broad oral region 
projects as a contractile-.cone (fig. 113 5, c, d). Inside the gastrie 
cavity there project four gastrie ridges with longitudinal muscular 
bands extending from the foot or point of attachment to the base of 
the oral cone. When the polyp, which has now become a Scyphis- 
toma, has under favourable conditions of nutrition reached a certain 
size (about 2 to 4 mm.), ring-like eonstrietions are formed at the 
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anterior part of the body, giving rise to a series of segment-like 
divisions. The anterior part of the body bearing the tentacles is 
first marked off’; and following this a greıter or less number of 
sections, the new segments appearing continuously in the direction 
from before backward. The hindermost or basal swollen club-shaped 
end of the polyp’s body remains undivided. The Seyphistoma has 
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Fra. 113, Btageof Scyphistoma with sixteen arıns (ellghtiymagnified) ; Gw. gasırioriäges, 
f, Commencing strobilization. 

now become the Strobila, which itself passes through various 
developmental phases. The tentacles abort ; the successive segments, 
separated from each other by constrietions and provided with lobe- 
like continuations and marginal bodies, become transformed into 
small flat dises, which become separate, and, as Zphyre, represent the 
larvs of the Seyphomeduse (fig. 113 b-h). 
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In the other cases in which the sexual and asexual forms mor- 


phologically resemble each other, as in Salpa, the origin of the 
alternation of generations may, as in the case of the origin of the 
dieeious from the hermaphrodite state, be traced back to the ten- 
dency towards the establishment of a division of labour acting upon 
an animal which possessed the capacity of sexual and asexual repro- 
duction. It was advantageous for the formation of the regular chain 
of buds (stolo prolifer) that the power of sexual reproduetion should 
be suppressed, and that the 
% generative organs should be- 
come rudimentary and finally 
yanish in the budding indivi- 
duals; while, on the other 
hand, in the individuals 
united in the chain, the gene- 
rative organs were early de- 
veloped, and the stolo prolifer 
was aborted and completely 
vanished. 

Special forms of alternation 
of generations may be dis- 
tinguished in which colonies 
are formed as the result of 
the asexual reproduetion by 
budding from a single animal, 
the buds remaining attached 
and developinginto individuals 
which differ considerably in 
structure and appearance, and 
each of which performs special 

functions in maintaining the 

Fre. 118.—g, Fully developed Strobila with Bepa- colony (nutritive, protective, 

N ® EN sexual, etc.) Such a form of 

alternation of generations is 

known as polymorphism,* and reaches a great complication in the 
polymorphous colonies of the Siphonophora. 

A form of reproduction which closely resembles metagenesis, but 
which genetically has quite a different explanation, is the lately 





* R. Leuckart, “Ueber den Polymorphismus der Individuen oder die 
Erscheinung der Arbeitstheilung in der Natur.” Giessen, 1851. 
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discovered process known as heterogamy. It is characterised by the 
succession of differently organized sexual generations living under 
different nutritive conditions. 

Heterogamy, which was first discovered in certain small Nematodes 
(Rhabdonema nigrovenosum and Leptodera appendiculata), can scarcely 
be explained otherwise than as an adaptation to changed conditions. 
For when the embryo is developed as a parasite in conditions favour- 
able for the acquisition of nutriment, it gives rise to a sexual form 
so different in size and structure from that which arises if the 





Fıe. 114.—A, Rhabdonema nigrovenosum of about 3°5 mm. in length at the stage when the 
male organs areripe. G, genital gland; O, mouth; D, alimentary canal; 4A,anus; N, 
nervering; Drz, gland cells; Z, isolated spermatozoa. B, Maleand female Rhabditis, 
length from about 1'5 to2mm.; Ov, ovary; T, testis; V, female genital opening; Sp, 
spicula. 

embryo leads a free existence in damp earth or dirty water (i.e., in 

conditions not so favourable for the acquisition of nutriment), that 

we should, from the difference in their structure, place the two forms 
in different genera. Rhabdonema nigrovenosum from the lungs of 

Batrachians and the free-living Rhabditis follow each other in a 

strietly alternating manner (fig. 114, A, B). Other cases of hetero- 

gamy are afforded by the Bark-lice (Chermes), and the Root-lice 
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(Phylloxera), in that one or more (winged and apterous) female 
generations are characterised by parthenogenetie reproduction, and 
consist only of oviparous females; while the generation of females, 
which lay: fertilised eggs, appears with the males only at certain 
times of the year, and can be distinguished by their small size, and 
by the reduction of their mouth parts and digestive apparatus. 

Such forms of heterogamy lead back apparently to alternations 
of generations, especially when the parthenogenetie generations 
present, in the structure of their generative apparatus, essential 
differences from the females which copulate. 

The plant-lice and gall-flies afford instances of this. The repro- 
ductive processes of these animals, on the authority of Steen- 
strup and V. Siebold, were regarded for a long time as instances of 
alternations of generations, until the view, which was supported by 
the reproductive processes of the allied bark-lice, that they came 
under the head of heterogamy, received general assent. According 
to this view, the viviparous forms of the plant-lice (Aphides) are 
merely modified females adapted for parthenogenetie reproduction, 
and their reproductive gland is nothing more than the modified 
ovary. There are also cases of heterogamy in which, in the partheno- 
genetic generations, the development of the egg commences in the 
ovary of the larva, reproduction being shifted back into larval life. 
This form of heterogamy, which resembles alternations of genera- 
tions, was shown to occur in the larva of Cecidomyia (Miastor) by 
Nic. Wagner and by O. Grimm in the larva of a species of Chiro- 
nomus, and is to be looked upon as a case of precocious development 
of the egg in ths parthenogenetice generation. The morphologically 
undeveloped larva has acquired the power of reproducing itself by 
means of its rudimentary ovary, a phenomenon which, following the 
proposal of ©. E. v. Baer, has been designated Pedogenesis. 

If the reproductive gland of the Ceeidomyia larva be looked upon 
as a germ-gland, and the cells contained in it as germ cells or spores, 
the reproduction of the Cecidomyia falls into the category of alterna- 
tions of generations. But the idea involved in the term “spore” is 
borrowed from the vegetable kingdom, and there is no reason for 
looking upon these or any other structures in the Metazoa as spores. 
The above explanation, therefore, is untenable. The reproductive 
cells in the Metazoa, which have been regarded in this light, have 
much more probably originated from masses of cells which represent 
the rudiment of the ovary, and which are usually visible in early 
stages of development, 
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Further it cannot be doubted that the development of the 
Distomex, which has hitherto been regarded as a case of alternation 
of generations really represents a form of heterogamy allied to 
pxdogenesis. After the completion of the segmentation and em- 
bryonice development, the ciliated embryos (fig 115, a, b) pass from 
the egg into the water, where they swim about, and eventually make 
their way into the body of a Snail, in which they give rise to sac-like 
or branched Sporocysts (fig 115, c) or to Redi®e provided with an 
alimentary canal (fig. 115, d). 

These stages in the development of Distomum which are apparently 





Fıs. 115.—Developmental history of Distomum (in part after R. Leuckart). a, Free- 
swimming ciliated embryo of the liver fluke.—)b, the same contracted, with rudiment of 
alimentary canal D; and aggregations of cells; Ov, rudiment of genital gland; Ex, 
ciliated apparatus of the exeretory system.—c, Sporocyst, which has proceeded from 
Distomum embryo, filled with Cercarie C ; B,spine of a Cercaria.—d, Redia with pharynx 
Ph , alimentary canal, D; Ex, excretory organs; C, contained Cercari®.—e, free Cercaria ; 
S, sucker; D, gut. 


comparable to larve, produce by means of the so-called germ granules 
or spores a generation of offspring known as Cercari® (fig. 115, e), 
which become free, and then make their way into the body of a new 
host, and, after the loss of the oral spine and caudal appendage, encyst 
(fig 115 /). Hence they are carried into the body of the permanent 


host to develop into the sexual adult form. 
HB) 
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It is, however, extremely probable that the masses of cells 
{rom which the Cercarie arise represent the rudiments of ovaries, 
the elements of which develop parthenogenetically without the 
addition of spermatozoa. The so-called germ sacs (Sporocysts or 
Redize) would in this case be larve, which possess the power of 
reproduction; and the development of the Distomexz would come 
under the head of heterogamy. The Cercaris, however, represent a 
second and more advanced larval phase. Provided with a motile 
tail, frequently with eyes and buccal spine, their organization, save 
in the absence of developed generative organs, presents great simi- 
larities to the sexually mature adults into which they develop. 
This development, however, takes place 
onlyin the body of another and usually 
more highly organized host after the 
loss of the larval organs. 

If the conception of a spore as an 
asexual reproductive product be main- 
tained, it becomes impossible in practice 
to draw a sharp line between alterna- 
tion of generations and heterogamy ; 
since there is no test which enables us 
to distinguish between a spore and an 
ovum which develops parthenogeneti- 
cally. On the other hand, if we inter- 
pret, as we are justified in doing, the 
so-called spores as precociously developed 
ova, alternation of generations and 
heterogamy can be clearly distinguished 
Fıs. 115. f-Young Distomum from one another, since in the former 

ne En Er m one generation is asexual, and in- 

tory pore; O, mouth opening Cfeases entirely by budding and 

with sucker; S, suckeron middle division; while in the latter both 

of ventral surface; P, pharynx ; 3 > 

D, limb of alimentary canal. generations are sexual, though in one 
of them the ova may possess the power 





of spontaneous development. 

An essential characteristic both of heterogamy and alternation 
of generations depends upon the different form of the individuals 
appearing in the generations which usually occur in a regularly 
alternating manner in the life-history of the species. But there 
are cases in which two methods of reproduetion may follow each 
other in the life-history of one individual. This form of the 
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reproductive process is of the greatest interest as throwing light 
upon the way in which the phenomena of alternation of generations 
and heterogamy may have arisen in that it appears in a certain degree 
as the precursor of the alternating sequence of two or more genera- 
tions of individuals. The so-called alternation of generations in the 
stone-corals (Blastotrochus), which in early life reproduce themselves 
by budding, without thereby losing the power of acquiring sexual 
organs at a later period of life, forms an example of this method of 
reproduction. 

In this category of incomplete heterogamy should be placed the 
reproductive processes of the Phyllopoda and Rotifera, in which the 
female produces summer eggs capable of parthenogenetic develop- 
ment, and later winter eggs requiring fertilization (Daphnide). 

[In the above account the term alternation of generations, or 
metagenesis is applied to those cases in which sexual and asexual 
generations alternate ; while heterogamy is applied to those cases 
in which two sexual generations or a sexual and parthenogenetie 
generation alternate.] 


CHAPTER IV. 
HISTORICAL REVIEW.* 


Tue origin of Zoology extends far back into antiquity. Aristotle 
(4th century B.c.), who scientifically and in a philosophie spirit 
worked up the experiences of his predecessors with his own extended 
observations, must be looked upon as the founder of this science. 
The most important of his zooiogical workst treat of the “ Repro- 
duction of Animals,” of the “ Parts of Animals,” and of the “ History 
of Animals.” The last and most important work is, unfortunately, 
only incompletely preserved. 

We must not expect to find in Aristotle a deseriptive zoologist, 
nor in his works a system of animals followed out into the smallest 


* Vietor Carus, ‘ Geschichte der Zoologie.” München, 1872. 

t Compare Jürgen Bona Meyer’s “ Aristoteles’ Thierkunde ” (Berlin, 1855). 
—Frantzius, “ Aristoteles’ Theile der Thiere” (Leipzig. 1853). —Aubert und 
Wimmer, “ Aristoteles’ Fünf Bücher von der Zeugung und Entwicklung der 
Thiere, übersetzt und erläutert” (Leipzig. 1860). — Aubert und Wimmer, 
“ Aristoteles’ Thierkunde.” Band I.und II. (Leipziz, 1868). 
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details; a one-sided treatment of science was not the objeet of this 
great thinker. 

Aristotle contemplated animals as living organisms in all their 
relations to the external world, according to their development, 
structure, and vital phenomena, and he created a comparative Zoology, 
which in several respeets constitutes the basis of our science. The 
distinetion of animals into animals with blood (Evaıa) and animals 
without blood (ävayıa), which he in no wise used as a strietly 
systematic conception, certainly depends, according to the meaning 
of the word, upon an error, since all animals possess blood; and the 
red colour can by no means be taken, as Aristotle believed, to be a 
test of the presence of blood ; but as the possession of a bony verte- 
bral column was put forward as a character of the animals provided 
with blood, the two groups established by this distinetion coineided 
in their limits with the two great. divisions of Vertebrates and 
Invertebrates. 

The eight animal groups of Aristotle are che following :— 

Animals with blood, Vertebrates — 

(1) Viviparous animals (four-footed, &worokovvra Ev adrois), with 
which as a special y@vos was placed the whale. 

(2) Birds (öpvıdes). 

(3) Oviparous four-footed animals (rerparoda 7 dmoda wororoürra). 

(4) Fishes (ix@ves). 

Animals without blood, Invertebrates— 

(5) Soft animals (na\axıa, Cephalopoda). 

(6) Soft animals with shells (uaAaxoorpaka). 

(7) Insects (vrona). 

(8) Shelled animals (öorparodepuara, Echini, Snails, and Mussels). 

After Aristotle, antiquity only possesses one zoological writer of 
note—Pliny the elder—to point to. He lived in the first century, 
and, as is well-known, was killed in the great Eruption of Vesuvius 
(79), while captain of the fleet. The natural history of Pliny deals 
with the whole of nature, from the stars to animals, plants, and 
minerals; it is, however, of no scientific value as an original work, 
but is merely a compilation of facts collected from known sources, 
and is not by any means implieitly to be trusted. Pliny borrowed 
to a large extent from Aristotle, often understood him falsely, and 
also accepted here and there as facts fable:, which had been rejected 
by Aristotle. Without setting up a system of his own, he divided 
animals according to the medium in which they lived—into Land- 
animals (Terrestria), Aquatic-animals (Aquatica), and Fiying- 
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animals (Volatilia),—a division which was accepted till Gessner’s 
time. 

With the decline of the sciences, natural history also fell into 
oblivion. The mind of man, fettered by the belief in authority, felt 
in the middle ages no need for an independent contemplation of 
Nature. But the writings of Aristotle and Pliny found an asylum 
within the walls of the Christian cloisters, which preserved the 
germs of science developed in Heathendom from complete extinc- 
tion. 

In the course of the middle ages, first the Spanish bishop, Isidor 
of Seville (in the seventh century), and later Albertus Magnus 
(in the thirteenth century) wrote works on natural history ; but it 
was not until the renaissance of the sciences of the sixteenth century 
that the works of Aristotle again came to the fore, and the desire 
for independent observation and research was also roused. Works 
like those of ©. Gessner, Aldrovandus, Wotton, testified to the newly 
awakening life of our science, whose scope was continually being in- 
creased by the discovery of new worlds. 

The next century, in which Harvey discovered the circulation of 
the blood, Keppler the revolution of the planets, and Newton’s law 
of gravitation formed the beginning of a new era in physics, 
was also a fruitful epoch for Zoology. Aurelio Severino wrote his 
“Zootomia democrit®a” (1645), a work which contained anatomical 
drawings of various animals, more for the use and advancement of 
human anatomy and physiology. Swammerdam in Leyden dissected 
the bodies of Insects and Molluses, and deseribed the metamorphosis 
of the Frog. Malpighi in Bologna and Leeuwenhoek in Delft 
applied the invention of the microscope to the examination of 
tissues and the smallest organisms (animals from infusions). The 
latter discovered the blood corpuscles, and first saw the transverse 
striations of muscular fibres. The spermatazoa also were discovered 
by a student, Hamm, and called, on account of their movements, 
sperm-animals. The Italian Redi opposed the spontaneous genera- 
tion of animals in putrefying matter, proved the origin of Maggots 
{rom Flies’ eggs, and supported Harvey’s famous expression, “ omne 
vivum ex ovo.’ In the eighteenth century the knowledge of the 
life-history of animals was enormously enriched. Investigators such 
as Reaumur, Rösel von Rosenhöf, De Geer, Bonnet, J. Chr. Schaeffer, 
Ledermüller, ete., discovered the metamorphosis and life-history of 
Inseets and native aquatie animals, while at the same time, by 
expeditions into foreign lands, a great number of animals from other 
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continents became known. In consequence of these extended obser- 
vations and a continually growing eagerness to collect euriosities from 
foreign countries, the zoological material increased so largely that, 
in the absence of precise distinetions, nomenclature and arrangement, 
the danger of error was great, and a general review of the facts 
almost impossible. Under such conditions, the appearance of the 
systematiser Carl Linnseus (1707—1778) must have been of the 
greatest importance for the further development of Zoology. 

Ray, who is justly placed in the first rank of Linnzus’ prede- 
cessors, had earlier endeavoured to acquire a basis for the systematie 
treatment, and with a certain amount of success, but he failed to 
organise a thoroughly methodical arrangement. He was the first 
to introduce the conception of “species” and to consider anatomical 
characters as the basis of classification. In his work, entitled 
“ Synopsis of Mammalia and Reptilia ” (1693), he adopted Aristotle’s 
division of the animal kingdom into animals with and animals 
without blood. With regard to the first he laid the basis of the 
definitions of Linnx&us’ first four classes; the latter he divided into 
a greater group, containing Cephalopods, Crustacea, and Testacea, 
and into a smaller containing the Insecta. 

The importance of Linnsus’ work to the development of science 
depended not on any far-reaching investigations or important dis- 
coveries, but on his acute sifting and exact division of the then exist- 
ing facts, and on the introduction of a new method of more certain 
diagnosis, nomenclature, and arrangement. 

By erecting for groups of different value a series of categories 
based on the ideas of species, genus, order, class, he obtained a means 
of creating a much more precise system of classification. On the 
other hand, by the introduction of the principle of binary nomencla- 
ture, he obtained a fixed and more certain method. Every animal 
received two names taken from the Latin language—the generic 
name, which was placed first, and the speeifice name, which together 
denote the fact that the animal in question belongs to a definite 
genus and species. In this way Linn&us not only arranged the 
facts then known, but also created a systematic framework in which 
later discoveries would easily find their proper place. 

Linnzus’s great work, the “ Systema Natur&,” which in its thirteen 
editions received many changes, embraced the animal, vegetable, and 
mineral kingdoms, and in its treatment can only be compared to an 
exhaustive catalogue, in which the contents of nature, like that 
of a library, are registered in a definite order with a statement of 
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their most remarkable characters. Every species of animal and 
plant obtained a place determined by its properties, and was with 
the specifie name inserted under the genus. After the name fol- 
lowed a short Latin diagnosis, and a list of the synonyms of authors 
and statements concerning the habits of life, habitat, the native 
country, and any special characteristics. 

Linnzus created for botany an artificial system of classification 
founded on the characters of flowers. Similarly his classification of 
animals was artificial, as it did not depend upon the distinction 
of natural groups, but took isolated features of internal and external 
structure as characters. Linn®us completed the improvements in 
Aristotle’s classification which had been already begun by Ray, by 
establishing the following six classes, founded on the structure of the 
heart, the condition of the blood, the manner of reproduction and 
respiration. 

(1) Mammalia.—With red warm blood, and a heart composed of 
two auricles and two ventricles, viviparous. The following orders were 
distinguished—Primates (with the four genera Homo, Simia, Lemur, 
Vespertilio), Bruta, Fer®, Glires, Pecora, Bellu®, Cete. 

(2) Aves—With warm red blood, and a heart composed of two 
auricles and two ventricles, oviparous—Accipitres, Pic, Anseres, 
Gralle, Galline, Passeres. 

(3) Amphibia.—With cold red blood and a heart composed of simple _ 
auricle and ventricle, breathing by lungs—Reptilia (Testudo, Draco, 
Lacerta, Rana), Serpentes. 

(4) Pisces —With cold red blood, and a heart composed of simple 
auricle and ventriele, breathing by gills—Apodes, Jugulares, Thora- 
cici, Abdominales, Branchiostegi, Chondropterygi. 

(5) Insecta.—With white blood, simple heart, and segmented an- 
tenne—Coleoptera, Hemiptera, Lepidoptera, Neuroptera, Hymenop- 
tera, Diptera, Aptera. 

(6) Vermes.—With white blood, simple heart, and unsegmented 
antenne—Mollusca, Intestina, Testacea, Zoophyta, Infusoria. 

While the followers of Linnzus developed still further this barren 
and one-sided zoographical treatment and erroneously looked upon 
the framework of this system as an exact and complete expression 
of the whole of nature, Cuvier, by combining Comparative Anatomy 
with Zoology, laid the foundations of a natural system. 

George Cuvier, born at Mömpelgard 1762, and educated at the 
Karlsakademie at Stuttgart, later Professor of Comparative Anatomy 
at the Jardin des Plantes in Paris, published his comprehensive in- 
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vestigations in numerous works, especially in his “ Legons d’Anatomie 
compare& ” (1805). 

In his celebrated treatise * published in 1812, on the arrangement 
of animals according to their organization, he established a new 
and essentially changed classification, which was the first serious 
attempt to build up a natural system. Cuvier did not, as most 
 zootomists had done, look upon anatomical discoveries and facts as 
in themselves the aim of his researches, but he contemplated them 
from a comparative point of view, which led him to the establishment 
of general principles.. By considering the peculiarities in the ar- 
rangements of the organs in relation with the life and unity of the 
organism, he recognised the reciprocal dependence of the individual 
organs, and appreciating fully the idea of the “correlation” of parts 
already discussed by Aristotle, he developed his principle of the con- 
ditions of existence without which an animal cannot live (prinoipe 
des conditions d’ewistenee ou causes finale). “The organism con- 
sists of a single and complete whole, in which single parts cannot be 
changed without causing changes in all the other parts.” By com- 
paring the organizations of many different animals, he found that the 
important organs are the most constant, and that the less important 
vary most in their form and development, and even are not univer- 
sally present. 

He was thus led to the principle so important for the systematist 
of the subordination of characters (principe de la subordination des 
caracteres). Without being ruled by the pre-conceived idea of the 
unity of allanimal organization, he became convinced, from a conside- 
ration of the differences in the nervous system and in the arrangement 
of the more important systems of organs, that there were in the 
animal kingdom four main types (embranchements), ‘“ general plans 
of structure on which the respective animals appear to be modelled, 
and whose individual subdivisions, as they may be called, are only 
slight modifieations based on the development or the addition of 
some parts, without the plan of the organization being thereby 
essentially changed.” 

These four groups (embranchements Cuvier, Z’ypen Blainville) 
were the Vertebrata, Mollusca, Articulata, and Radiata. 

The views of Ouvier, who in knowledge of anatomical and zoologi- 
cal detail stood far above all his contemporaries, were, however, in 
opposition to the thesries of men of note (the so-called School of 


* “Sur un nouyeau rapprochement &A etablir entre les classes qui composent le 
regne animal.” Ann. des Museum d’Hist. Nat., Tom XIX., 1812. 
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Natural Philosophy). In France, Etienne Geoffroy St. Hilaire pre- 
eminently defended the idea, which had been already expressed by 
Buffon, of the unity of the plan of animal structure, according to 
which the animal kingdom consisted of an unbroken gradation of 
animals. Convinced that nature always worked with the same 
materials, he put forward his theory of analogies, according to which 
the same parts, though differing in their form and the degree of their 
development, should be found in all animals ; and, further, his theory 
of connections (principe des connexions), according to which the same 
parts always appear in the same mutual position. A third funda- 
mental principle was that of the equivalence of organs, an increase in 
the size of oneorgan being accompanied by the diminution of another 
organ. The application of this principle had important results, and 
led to the scientific foundation of Teratology. His generalizations 
were, however, in the main hasty, in that they were founded on 
facts taken only from the Vertebrates; and if applied outside that 
group must lead to many rash conclusions, e.g., that Insects are 
Vertebrates turned on to their backs. 

In Germany, Goethe and the natural philosophers Oken and 
Schelling pronounced in favour of the unity of animal organization, 
but it must be confessed without taking account in a comprehensive 
manner of the actual facts. 

The result of this controversy which in France was carried on 
with considerable vehemence was, that Cuvier’s view was victorious, 
and his principles met with the more undivided assent since it 
appeared that they were confirmed by ©. E. v. Baer’s embryological 
work. Many gaps and errors were certainly discovered by later 
investigators in Cuvier’s classification, and in detail it was much 
changed, but the establishment of his animal types as the chief 
groups of the system was retained, and was supported by the 
results of the developing Science of Embryology. 

The most essential of the modifications which it has become neces- 
sary to make in Cuvier’s system relate chiefly to the increase in the 
number of types. The Infusoria were some time ago removed from 
the Radiata, and as Protozoa arranged by the side of the four other 
groups. Lately the number of groups has been increased by the 
division of the Radiata into Celenterata and Echinodermata, and of 
the Articulata into Arthropoda and Vermes, and of the Mollusea 
into three groups. 

In our times, however, Cuvier’s view has experienced an essential 
modification in favour of the Natural Philosophers, and the idea of 
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the absolute independence and isolation of each group must be given 
up. With a more complete study it has been shown that inter- 
mediate forms exist connecting the various types, and that conse- 
quently no sharp line of demarcation can be drawn between them. 
But just as the transitional forms between animals and plants cannot 
abolish the distincetion between these two most important conceptions 
of the organie kingdom, so the existence of such transitional forms 
does not in any way affect the value of the idea of groups and types 
as the chief divisions of the animal system, but only renders it 
probable that the different groups have developed from a similar or 
common starting-point. 

And to this corresponds the fact, which has become recognised 
with the progress of embryological knowledge, that similar larval 
stages and tissue-layers (germinal layers) are found in the develop- 
mental history of the different types. This fact points to a genetie 
connection. 

Likewise the results of anatomical and embryological comparison 
have rendered it probable that the types are by no means absolutely 
independent, but are subordinated to one another in more or less 
close relation, that especially the higher groups are genetically to be 
derived from the Worms, a group which certainly includes extremely 
dissimilar forms, and eventually will, without doubt, be broken up 
into several types. We consider it, under such eireumstances, con- 
venient, in the present state of science, to distinguish nine types as 
the chief divisions, and to characterise them in the following 
manner :— 

(1) Protozoa.—Of small size, with differentiations within the sar- 
code, without cellular organs, with predominating asexual repro- 
duction. 

(2) Owlenterata—Radiate animals segmented in terms of 2,4, or 
6; mesoderm of connective tissue, often gelatinous; and a central 
body cavity common to digestion and eirculation (gastro-vascular 
space). 

(3) Echinodermata.—Radiating animals, for the most part of pen- 
tamerous arrangement ; with calcareous dermal skeleton, often bear- 
ing spines; with separate alimentary and vascular systems ; and with 
nervous system and ambulacral feet. 

(4) Vermes.—Bilateral animals with unsegmented or uniformly 
(homonomous) segmented body, without jointed appendages (limbs), 
with paired excretory canals sometimes called water-vascular system. 

(5) Arthropoda.—Bilateral animals with heteronomously segmented 
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bodies and jointed appendages, with brain and ventral chain of 
ganglia. 

(6) Molluscoideu.—Bilateral, unsegmented animals with ciliated 
cirelet of tentacles or spirally rolled buccal arms; either polyp-like 
and provided with a hard shell case, or mussel-like with a bivalve 
shell, the valves being anterior and posterior; with one or more 
ganglia connected together by a periesophageal ring. 

(7) Mollusca. Bilateral animals with soft, unsegmented body, 
without a skeleton serving for purposes of locomotion; usually 
enclosed in a single or bivalve shell, which is exereted by a fold of 
the skin (mantle); with brain, pedal-ganglion and mantle-ganglion. 

(83) Tunicata.—Bilateral unsegmented animals with sac-shaped or 
barrel-shaped bodies, and a large mantle cavity perforated by two 
openings; simple nervous ganglion, heart and gills. 

(9) Vertebrata.—Bilateral animals with an internal cartilaginous or 
osseous segmented skeleton (vertebral column), which gives off dorsal 
processes (the neural arches) to surround a cavity for the reception 
of the spinal cord and brain; and ventral processes (the ribs) which 
bound a cavityfor the reception of the vegetative orgaı_;; never with 
more than two pairs of limbs. 


CHAPTER V. 
MEANING OF THE SYSTEM. 


Very different opinions have been held in different places and at 
different times as to the value of the system. In the last century 
the French Zoologist Buffon held the system to be a pure invention 
of the human mind; while more recently L. Agassiz thought that a 
real meaning could be attributed to all the divisions of the system. 
He explained the natural system founded on relationship of organiza- 
tion as a translation of the thoughts of the Creator into human 
language, by the investigation of which we become unconsciously 
interpreters of his ideas. 

But it is clear that we cannot call that arrangement, which is 
derived from the relations of organization founded in nature, an 
invention of man. Similarly it is preposterous to deny the sub- 
jective participation of our intellectual activity, since in every system 
there is expressed a relation of the facts of nature to our comprehen- 
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sion and to the state of scientific knowledge. In this sense Goethe 
appropriately calls a natural system a contradictory expression. 

In establishing systems, that which comes into contemplation 
consists of the individual forms which are the objects of observation. 
Every systematie conception, from that of the spezies to that of the 
type, depends upon the bringing together of similiar properties, and 
is an abstraction of the human mind. 


Species— The great majority of investigators, till very recently, 


were agreed in looking upon the species as an independently created 
unit with special properties which were retained in propagation, and 
were really contented with the fundamental idea in Linnzus’ defini- 
tion of species: Tot numeramus species quot ab initio creawit in- 
finitum ens.” This view also accorded with a dogma prevalent in 
Geology, according to which the flora and fauna of the successive 
periods of the earth’s history were completely isolated, being ereated 
afresh at the beginning and destroyed by a vast catastrophe at the 
end of each period. It was supposed that no living thing could be 
preserved through one of these catastrophes from one period into the 
next; that every species of animal and plant was specially created 
with definite characters, which it retained unchanged until it was 
destroyed. This idea was confirmed by the difference between the 
fossil remains of Vertebrates (Cuvier) and Molluses (Lamarck), and 
the living forms of these types. 

As a matter of fact, however, neither in the animal nor in the 
vegetable kingdom do offspring resemble exactly the parent forms 
from which they have originated, but present differences more or 
less considerable, so that the idea of absolute identity must be 
removed from our definition of species, and agreement in the most 
essential particulars introduced in its place. The species would ac- 
cordingly, in close agreement with Cuvier’s definition, include all 
living forms which have the most essential properties in common, are 
descended from one another, and produce fruitful descendants. 

All the facts of natural life, however, can by no means be arranged 
agreeably to this conception, which has for a fundamental principle 
that all essential peculiarities must be preserved unaltered by repro- 
duction through all time. The great diflculties in defining species 
which occur in practice, and which prevent a sharp line being 
drawn between species and variety, indicate the insufficieney of 
the conception. 

Varieties—Individuals belonging to the same species do not 
resemble each other in all partieulars, but pre ent differences which, 
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on closer investigation, suflice to distinguish the individual forms. 
Combinations of modified characters are often present in the same 
species, and occasion important variations (varieties) which can be 
inherited by the descendants. The more important of such variations 
which are maintained by reproduction are called constant varieties or 
subspeeies, or races, and are divided into natural races and artihciai 
or domesticated races. 

The former are found in free natural life, and are usually confined 
to definite localities. They have arisen in course of time in conse- 
quence of conditions of climate, and under the influence of variations 
in manner of life and nourishment. The domesticated races, on the 
other hand, owe their origin to the care and cultivation of man. 
They comprise only domestie animals whose origin is still unknown. 

Varieties, however, which have arisen from one species may difier 
very surprisingly from one another ; in fact, they may present 
more important features of difference than do distinet natural 
species. An example of this is found in the domesticated race of 
pigeons, whose common descent from Columba livia (the rock 
pigeon) was shown by Darwin to be very probable. They are 
capable of such striking alterations, that their varieties, known as 
tumbler pigeons, fantail pigeons, ete., were held by ornithologists, 
who were without knowledge of their origin, to be real species, and 
were even divided into different genera. 

In the natural state, too, it often happens that varieties cannot 
be distinguished from species by the quality of their characteristics. 
It is customary to consider that the essential of a character is to be 
found in the constancey of its oceurrence, and to recognise varieties 
by the fact that their characteristies are more variable than those 
of species. If forms which are widely different can be connected 
by a continuous series of intermediate forms, they are held to be 
varieties of the same species. But if such intermediate forms are 
absent, they are held to be distinct species, even when the differences 
between them (so long as they are constant) are less. 

Under such eireumstances we can understand that in the absence 
of a positive test, the individual judgment and the natural tact 
of the observer decides between species and variety; * and how it 
is that the opinions of different observers have differed so widely in 


* The establishment of the conception of sub-species is completely at variancce 
with the common conception of species, and is the most striking proof that 
systematists themselves recognize that the distinction between species and 
sub-species is a relative one. 
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practice. This relation has been excellently and thoroughly discussed 
by Darwin and Hooker. As an example of the difference of opinion 
on this subject, Nägeli * divided the Hieracie found in Germany 
into three hundred species, Fries into one hundred and six, Koch 
into fifty-two, while other authors recognise hardly more than twenty. 
Nägeli indeed says, “ There is no genus of more than four species on 
which all botanists are agreed, and many examples may be eited 
in which, since Linnsus’ time, the same species have been repeatedly_ 
divided up and re-united.” 

We are therefore driven, in order to determine the essential pro- 
perty distinguishing species and variety, to consider the most impor- 
tant characteristic for the conception of species —a characteristie 
which has hardly ever been used in practice, ©.e., the community of 
descent and the capacity for fruitful interbreeding. This means of 
determination, however, is also insuflcient. 

It is a commonly known fact that animals which belong to different 
species pair with one another and produce hybrids, e.g., horse and 
ass, wolf and dog, fox and dog. Widely differing species, which are 
placed in different genera, have even been known to cross with one 
another, and to produce progeny, such as the he-goat and sheep, and 
the she-goat and ibex. The hybrids however are, as a rule, sterile. 
They are intermediate forms with imperfect generative system, with- 
out the power of propagation; and even in those cases where there 
- is a power of reproduction (such cases are most frequently met with 
amongst female hybrids), there is a tendeney to revert to the 
paternal or maternal species. 

There are, however, exceptions to the sterility of the hybrid which 
appear to afford weighty proof against immutability of species. The 
experiments in breeding between the hare and rabbit, made on a 
large scale in Angoul&me by Roux, have shown that their progeny, 
the hare-rabbit, is perfectly fertile. Half-bred hybrids of the rabbit 
and hare have been bred, and have been reproductive through many 
generations of pure in-breeding. In like manner careful inquiries 
into the hybridism of plants, especially the investigations of W. 
Herbert, lead to the conelusion that many hybrids are as perfeetly 
productive among themselves as genuine species. 

In a state of nature, too, hybrids of various kinds are found. 
Such hybrids have frequently been taken for independent species, 
and have been described as such (Tetrao medius, hybrid of Tetrao 


* C, Nägeli, “ Entstehung und Begriff der naturhistorischen Art,” Münich, 
1865. 
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urogallus and Tetrao tetrix; Abramidopsis Leuckarti, Bliccopsis 
abramorutilus, and others are, according to von Siebold, hybrids.) 
Sterility of hybrids is not the rule here, for a great number of wild 
plants have been recognised as hybrid species (Kölreuter, Gärtner, 
Nägeli—Cirsium, O'ytisus, Rubus). This seems to render it the less 
doubtful that amongst animals which have been domesticated by 
man, persistent transitional forms can be obtained from originally 
different species, by gradual alteration brought about by cross 
breeding. 

Pallas, adopting this view, gave it as his opinion that closely allied 
species, though at first they may refuse to breed together, or may 
produce sterile offspring, will, after long domestication, produce fertile 
progeny. And in fact, it has been shown to be probable that some 
of our domestic animals have originated in prehistorie times as the 
result of the unintentional crossing of different species. Rütimeyer 
especially endeavoured to prove this mode of origin for the domestie 
ox (Bos taurus), which he regarded as a new race resulting from the 
cerossing of at least two ancestral forms (Bos primigenius, brachyceros). 
It may be looked upon as certain that the domestie pig and cat, and 
the numerous breeds of dogs, have originated from several wild 
species. 

In connection with the exceptional cases which have just been 
discussed, we may lay great stress upon the perfect reproductive 
capabilities of mongrels, that is, of the progeny produced by the 
erossing of different varieties of the same species; though here also 
we meet with exceptions. Disregarding those cases in which me- 
chanical causes render the interbreeding of different varieties im- 
possible, it seems, according to the observations of breeders whose 
word may be depended upon, that certain varieties have difhieulty 
in crossing with one another ; and further that certain forms which 
have been bred by selection from a common stock are altogether in- 
capable of fertile intercourse. The domestie cat introduced into 
Paraguay from Europe has, according to Rengger, become essentially 
altered in process of time, and has acquired a marked aversion to 
the European ancestral form. The European guinea pig does not 
breed with the Brazilian form, from which it is probably descended. 
The Porto-Santo rabbit, which was exported from Europe to Porto- 
Santo near Madeira in the fifteenth century, is so much altered that 
it can no longer breed with the European race of rabbits. 

The evident difhieulty of preeisely defining the conception of species, 
in presence of the existence of a gradual, almost uninterrupted series 


144 MEANING OF THE SYSTEM. 


of animal forms, and of the results of artificial selection, had already, 
in the beginning of this century, induced illustrious and highly 
esteemed naturalists to dispute the dominant views on the immuta- 
bility of species. Inthe year 1809, Lamark, in his “ Philosophie 
Zoologique,” broached the theory of the descent of species from one 
another. He referred the gradual alterations in some degree to 
changing conditions of life, but mainly to use and disuse of organs. 

Geoffrey St. Hilaire, too, the advocate of the idea of unity of 
organization of all animals and the opponent of Cuvier, expressed 
his conviction that species had not existed unaltered from the be- 
ginning. While agreeing essentially with Lamark’s theory of the 
origin and transmutation of species, he ascribed a less influence to 
the inherent activity of the organism, and believed that he could 
explain the alterations through the direct operation of changes in 
the environment (monde ambiant). 

The change in the fundamental views of Geology which took 
place at a later period must be ascribed to the opinions of these 
investigators. Lyell endeavoured (Principles of Geology) to explain 
geological alterations by means of the forces in operation at the 
present day, working gradually and without interruption through 
extended periods of time, and rejected the Cuvierian theory of 
mighty revolutions and catastrophes which destroyed all life. When 
the geologists with Lyell had given up the hypothesis of periodie 
disturbance of the course of natural events, they were obliged to 
assume the continuity of organic life during the successive periods 
of the formation of the earth, and to endeavour to account for the 
immense alterations of the organic world by slight influences operat- 
ing gradually and without interruption throughout long periods of 
time. The variability of species, the origin of new species from 
previous ancestral forms in the course of ages, has become, accord- 
ingly, since the time of Lyell, a necessary postulate of geology in 
order to explain naturally the differences of animals and plants 
in successive periods without the supposition of repeated acts of 
creation. 


THE TRANSMUTATION THEORY, OR THEORY OF DESCENT, BASED ON 
THE PRINCIPLE OF NATURAL SELECTION (DARWINISM). 


Nevertheless a more securely grounded theory based upon & firmer 
standpoint was needed in order to give more force to the Trans- 
mutation hypothesis which had remained disregarded ; and this 
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service was eflected by the English naturalist, Charles Darwin, 
who employed a mass of scientific material to found a theory of the 
origin and mutation of species. This theory, which is closely con- 
nected with the views of Lamark and Geoffroy and in harmony with 
Lyell’s doctrines, has received an almost universal recognition, not 
only on account of the simplieity of its principle, but also because of 
the objective and convincing way in which his genius expoundel it. 

Darwin * starts from the principle of heredity, according to 
which the characteristics of parents are transmitted to their off- 
spring. But side by side with this, thereis an adaptation determined 
by the peculiar conditions of nourishment, a limited variability of 
form, without which individuals of like descent would be identical. 
While heredity tends to reproduce identical characteristics, individual 
variations appear in the descendants of the same species, and in this 
way modifications arise, which in their turn are submitted to the 
law of heredity. Cultivated plants and domestic animals, the 
individual forms of which vary far more than do those living in a 
state of nature, are especially disposed to alteration ; and capability 
of domestication is in reality nothing else than the capability of an 
organism to subordinate and adapt itself to altered conditions of 
nourishment and way of life. 

The so-called artificial breeding, by which man succeeds by judicious 
choice in cultivating in plants and animals definite properties cor- 
responding to his requirements, depends on the interaction of heredity 
and individual variation ; and it is probable that the nımerous races 
of domestic animals were in this way bred unconsciously by man, just 
as in our own days large numbers of new varieties are bred by judi- 
cious choice of the male and female parents. Similar processes are 
also at work in natural life, calling into existence new alterations 
and varieties. Here also we find a selection which is occasioned by 
the struggle of organisms for existence, and may be called @ natural 
selection. All plants and animals are engaged, as Decandolle and 
Lyell had asserted ten years previously, in a mutual struggle for 
existence among themselves and with external conditions. 

A plant has to fight against eircumstances of celimate, season, and 
soil; and has also to compete for existence with other plants which, 
by their superabundant increase, endanger the possibility of its 
preservation. Plants serve as food for animals, which themselves 
are engaged in a mutual struggle with each other; the carnivorous 

* Ch. Darwin, “On the Origin of Species by means of Natural Selection,” 
London, 1859. 
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feeding very largely upon herbivorous animals. Then again, all are 
struggling to multiply in great numbers. Each organism produces 
far more descendants than can in general be preserved. With a 
definite degree of fertility, a corresponding amount of destruction 
must take place; for in the absence of the latter the number of 
individuals would so increase in geometrical progression that no 
locality would suflice for the sustenance of their progeny. If, on 
the contrary, the protection afforded by fertility, size, special organiza- 
tion, colour, ete., were removed, the species would soon vanish from 
the earth. Amongst the complex conditions and interactions of life, 
even the most remotely connected organisms struggle with each other 
for existence (e.g., the clover and the mice); but the most violent 
strife is waged between individuals of the same species, which seek 
the same food and are exposed to the same dangers. In this strife it 
necessarily happens that those individuals which are placed in the 
most favourable situation, through their special properties, have the 
greatest chance of maintaining themselves and of multiplying, and, 
in consequence, of reprodueing the modifications useful to the species 
and of preserving them in their descendants, or even sometimes of 
increasing them. 

Just as in the breeding of domesticated animals, an artificial selee- 
tion is made by man to perpetuate and increase advantageous 
variations; so in the natural breeding of wild animals, in conse- 
quence of the struggle for existence, a selection is made by nature 
which leads to the preservation of modifications useful to the 
species. 

Since, however, the struggle for existence in closely related forms 
must be the more violent the more nearly they resemble one another, 
the most divergent types will have the greatest chance of enduring 
and of producing descendants. Hence a divergence of characters 
and an extinetion of intermediate forms is the necessary consequence. 
Thus by the combination of useful properties and by the accumula- 
tion of hereditary peculiarities, which were primitively of little im- 
portance, varieties gradually arise which ever diverge more and 
more; and this is what Darwin sought to prove by happily chosen 
examples. ‘We can now comprehend why everything in the organism 
is direeted towards one end, which is to ensure existence in the 
most perfect way. T’he great series of phenomena which could hitherto 
only receive a teleological ewplanation are thus brought into causal 
relation, amd can be ewpluined as the inevitable result of efheient 
cases, and their natural connection is thus rendered intelligible. 
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This principle of natural selection, which is the basis of the Dar- 
winian theory, rests, on the one hand, on the interaction of adaptation 
and heredity, and on the other, on the struggle for ewistence which 
can be shown to occur everywhere in nature. 

In its fundamental idea the natural selection theory is essentially 
an application of the doctrine of Malthus to plants and animals. 
Developed simultaneously by Darwin and Wallace,” it received from 
the former a most comprehensive scientific foundation. 

We must certainly admit that Darwin’s selection theory, although 
supported by what we know of biological processes and of the opera- 
tion of the laws of nature, is very far from discovering the final 
causes and physical connection of the phenomena of adaptation and 
heredity, since it is unable to explain why such or such a variation 
should appear as the necessary consequence of a change in the vital 
conditions, and how it is thatthe manifold and wonderful phenomena 
of heredity are a function of organised matter. 

It is clearly a great exaggeration when enthusiastic supporters of 
the Darwinian theory f say that it ranks as equal to the gravitation 
theory of Newton, because “it is founded upon a single law, a 
single effective cause, namely, upon the interaction of adaptation and 
heredity.” They overlook the fact that we have here only to do 
witb the proof of a mechanical and causal connection between series 
of biological phenomena, and not in the remotest degree with a 
physical explanation. Even if we are justified in connecting the 
phenomena of adaptation with the processes of nourishment, and in 
conceiving heredity as a physiological function of the organism, we 
still stand and regard these phenomena as “the savage who sees 
a ship for the first time.” While the complicated phenomena of 
heredity} remain completely unintelligible, we are only in a position 
to explain in general terms certain moldifications of organs, on 
physical grounds, by the altered conditions of metabolism. It is only 
rarely—as in the case of the operation of use and disuse—that we 
are able more directly to relate the development or the atrophy of 
organs to the increase or decrease in their nutritive activity, &e., 
to give a chemico-physical explaration. 

Darwin has been unjustly reproached with having left chance to 


* Compare also A. R. Wallace, “ Contributions to the Theory of Natural 


Selection.” 

+ Compare E. Haeckel, “Natürliche Schöpfungsgeschichte. 4. Auflage. 
Berlin, 1873. 

+ It is clearly'a misuse of the word “Law’’ to represent the numerous 
er opposed and limiting phenomena of heredity as so many “ laws of 
eredity,” as E. Haeckel does. 
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play a considerable part in his attempt to account for the origin of 
ravieties, with having accounted for everything by the struggle for 
existence, and with having given too little prominence to the direct 
influence of physical action on the mutation of forms. This 
reproach seems to arise from a misapprehension. Darwin says 
himself that the expression “chance,” which he often uses to explain 
the presence of any small alteration, is a totally incorreet expression, 
and is only used to express our complete i Eu oTanES of the physical 
reasons for: such partieular variation. 

If Darwin has by a series of considerations arrived at the conelu- 
sion that the conditions of life, such as elimate, nourishment, ete., 
exereise but a small direct influence upon variability, since, for in- 
stance, the same varieties have arisen under the most different 
conditions, and different varieties under the same conditions, and 
that the complex adaptation of organism to organism cannot be 
produced by such influences, still he recognises in the alteration of 
the vital conditions and the mode of nourishment the primary cause 
of slight modifications of structure. But it is only natural selection 
which accumulates those alterations, so that they become appreciable to 
us and constitute a variation which is evident to our senses. It is 
exactly upon the intimate connection of direct physical action with 
the consequences of natural selection that the strength of the Dar- 
winian theory rests. 

The origin of varieties and races would appear, however, to consti- 
tute only the first stage in the processes of the continual changes of 
organisms. However slowly the process of selection may work, yet 
there is no limit to the extent and magnitude of the changes, or to 
the endless combinations of reciprocal adaptations of living beings if 
we allow a very long period of time for its operation. With the 
aid of this new factor of duration of time, which, according to geo- 
logical facts, cannot be rejected, but stands to an unlimited extent at 
our service, the gap between variety and species disappears. Since 
the former are continually diverging with the lapse of time—and the 
more they do so and become differentiated in their organization so 
much the better will they be fitted to fill different places in the eco- 
nomy of nature and to increase in number-—they at length attain the 
value of species, which in a state of nature do not interbreed, or, at 
any rate, only exceptionally produce progeny., Thus, according to 
Darwin, a variety is a species in process of formation. Variety and 
species are connected by continuous series of transitions, and are not 
absolutely distinet from one another; but are only relatively separated 
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by the amount of difference in their morphological and physiological 
characteristies. { 

This conclusion of Darwin’s, which extends the result of natural 
selection from the production of variety to that of species, is ob- 
stinately and often bitterly opposed by those who subordinate the 
phenomena of nature to traditional ideas. 

Even if they do not deny the facts of variability, and even admit 
the influence of natural selection on the formation of natural varieties, 
they yet continue true to the belief that there is an absolute separa- 
tion between species and race-variety. As a matter of fact, however, 
we are not in a position to draw such a line of separation. Neither 
the quality of the distinetive characteristies nor the results of cross- 
ing afford us a distincetive criterion between species and variety. 
The fact, however, that we are not able to give any satisfactory defini- 
tion of the conception of species, precisely because we are unable clearly 
to distinguish between species and variety, adds so much the more 
weight to Darwin’s argument, since neither the variability of the 
organism and the struggle for existence nor the great antiquity of 
life upon the globe can be contested. 

The variability of forms is a firmly established fact ; so, too, is the 
struggle for existenee. Now if we add the operations of natural 
selection to these two factors, we are able to understand the origin 
of varieties. If we imagine the same process which has led to the 
formation of varieties continued through a greater number of genera- 
tions and effective through a longer period of time—and we are the 
more justified in making use of these long periods of time, since 
with their help astronomy and geology have been enabled to explain 
many phenomcna—the diverging characteristics will become more and 
more marked, and will at last gain the value of distinetive species- 
characters. 

In still greater periods of time the species will become so far 
separated from one another by the simultaneous disappearance of 
the intermediate forms that they will represent different generiä. 
Accordingly the greater differences of organization which are ex- 
pressed in the higher divisions of the system, such as orders and 
sub-orders, ete., require a longer interval of time for their accom- 
plishment, and an extinction of a greater number of intermediate 
forms. Finally, the different ancestral forms of the classes of a 
group may be referred to a common starting-point; and since the 
different groups of animals are connected by many intermediate forms, 
the number of the ancestral forms becomes much reduced. 
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The undifferentiated contractile substance, sarcode or protoplasm, 


was probably the starting-point of all organie life, 

If these suppositions are correct, species no longer retain the signifi- 
cation of independent and immutable units, and appear, according to 
the great law of evolution, only as transient groups of forms, capable 
of change, and confined to longer or shorter periods of time, to definite 
conditions of life, and preserving, as long as these conditions do not 
vary, a constamey in their essential characters. T’he different categories 
of the system show the closer or more remote degree of relationship ; 
and the system is the expression of genealogical relationship founded 
upon descent. All systems, however, must be imperfect and full of 
gaps, since the extinet ancestors of organisms living at the present 
time can only be very imperfectly supplied by the geological record ; 
numerous intermediate forms are wanting and finally no traces of 
organie remains from the most ancient periods are preserved. 

Only the ultimate twigs of the enormously ramified ancestral tree 
are accessible to us in suflicient number. Only the extreme points 
of.the twigs are completely preserved ; while of the numerous rami- 
fications of the branches only the existence of a stump here and 
there has been demonstrated. Hence it appears quite impossible, in 
the present state of our knowledge, to attain to a sufliciently sure 
representation of this natural genealogical tree of organisms; and 
while we admire the bold speculations of E. Haeckel’s genealogical 
attempts, it must be admitted that at present there is room for 
innumerable possibilities in detail, and that subjeetive judgment 
holds a more conspicuous place than objeetive certainty of fact. 
Hence we must be contented for the present with an incomplete 
and more or less artificial arrangement; although the conception of 
the natural system theoretically is established. 

When the fundamental arguments of the Darwinian theory of 
selection and the transmutation theory founded upon it are submitted 
to eritieism, it is soon apparent that direct proof by investigation 
is now, and perhaps always will be, impossible; for the theory is 
founded upon postulates which cannot be submitted to direct inquiry. 
Periods of time which cannot be brought within the limits of human 
observation are required for the alteration of forms under natural 
conditions of life ; and the extremely complicated interactions, which 
in the natural state under the form of natural selection are tending 
to change plants and animals, can only be grasped in a general sense, 
while in their details they are practically unknown to us. 

Further, plants and animals which are under the influence of 
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natural selection are entirely inaccessible to the experiments of man, 
and the relatively few forms which man has, in a greater or less 
space of time, brought completely within his power, have been and 
are being altered and modified by the so-called artifieial selection. 
The action of the natural selection, in Darwin’s sense, is therefore 
in general incapable of direct proof, and even for the origin of 
varieties can only be illustrated and rendered probable by hypothe- 
tical examples. Against this we must, however, set the fact that 
there is a great probability in favour of the correetness uf the 
theories of descent and transmutation of species, which have never 
received better support than from the natural selection theory of 
Darwin; and that this probability is supported, not only by the 
whole weight of morphological evidence, but also by the testimony 
of Palxontology and of geographical distribution. 


EVIDENCE IN FAVOUR OF THE THEORY OF DESCENT. 


If the transmutation of species is to be regarded as an hypothesis, 
because it is incapable of being demonstrated by direct observation, 
then its value depends upon its correspondence with the facts and 
phenomena of nature. 

Evidence from Morphology.— The whole of Morphology tends to 
show the correctness of the theory of transmutation of species. The 
degrees of resemblance between species which was for a long time 
expressed by the metaphorical term “ relationship,” and which rested 
upon an agreement in more or less important characteristies, led 
to the establishment of systematie groups, of which the highest, the 
kingdom or type, was founded upon a similarity in the most general 
features of organization and development. The agreement of numerous 
animals in the general plan of their organization, e.g., the common 
possession by fishes, reptiles, birds, and mammals of a rigid column 
forming the axis of the body, and the dorsal position in regard to 
this of the central nervous system and the ventral position of the 
organs of nourishment and reproduction, are very well explained, 
according to the theories of selection and descent, by the derivation of 
all Vertebrates from a common ancestor possessing the characteristics 
of the type, while the supposition of a plan of the Creator renounces 
all explanation. In like manner is explained that similarity of 
characteristics by which the remaining groups and sub-groups, from 
class to genus, are distinguished, as well as the possibility of dividing 
all organized beings into groups subordinated the one to the other. 
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The impossibility of a sharply defined classification is also rendered 
comprehensible by the theory of descent. The theory requires the 
existence of forms transitional between intimately and remotely 
allied groups; and explains, as a result of the disappearance, in course 
of time, of numerous types which have been worsted in the struggle 
for existence, the fact that groups of equal value are of such various 
extent, and are often only represented by single forms. 

It is not only systematie characters, but also the innumerable 
facts brought to light by the science of Comparative Anatomy which 
point to a nearer or more remote relationship between the different 
groups. For example, if we examine the structure of the extremities 
or the brain of Vertebrates, we find, in spite of considerable differ- 
ences (sometimes bridged over by intermediate forms) in the various 
groups, that in all they are built upon a common type of struc- 
ture This type is found very variously modified and more or 
less differentiated in each secondary group, according to the different 
functions which the organ has to fulfil and according to the exigencies 
of the mode of life to which each species is subjected. In the fin of 
the whale, in the wing of the bird, in the anterior limb of the 
quadruped, and in the human arm it can be shown that there are 
present the same bones, here short and broad and immoveably con- 
nected, there elongated and jointed in different ways to allow of 
corresponding movements, sometimes with every part fully developed, 
sometimes simplified in one way or another, and partly or entirely 
rudimentary. 

Evidence from the facts of Dimorphism and Polymorphism.— 
The phenomena of dimorphism and polymorphism in the same 
species, and the sexual differences which have been developed in 
animals originally hermaphrodite, may be quoted as important evi- 
dence of the extensive influence of adaptation. 

Male and female forms differ not only in the fact that the former 
produce spermatozoa and the latter ova, but they exhibit numerous 
secondary sexual characteristics connected with the different func- 
tions which the male and female respectively have to perform. The 
existence of these secondary characteristics can in all cases be 
satisfactorily explained by means of natural selection. We may 
therefore, in a certain sense, speak of a sexual selection * by means 
of which the two sexes have been, in course of time, gradually sepa- 
rated from one another, not only in peculiarities of form and organiza- 


* Ch. Darwin, “ The Descent of Man, and, Selection in Relation to Sex,” 
Vol. I. and Il. London 1871. 
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tion, but also in habits of life, in such a way as to favour the 
preservation of the race. Since the male sex generally has to take 
a more active part in the acts of copulation and fertilization it is 
eomprehensible that the male form should differ more from the young 
than the female which supplies material for the formation and 
nourishment of the embryo and is charged with the care of the 
progeny. Very frequently the male sex is capable,of quicker and 
more facile movements; in many Insects the male alone has the 
power of flight, while the female remains without wings (fig. 97). 
In the strife which the males of similar species have to wage for 
the possession of the females, those individuals which are most 
favoured by their organization (in respect of strength, capability for 
motion, prehensile organs, beauty, organs for production of sound, 
ete.) will prove the conquerors; while those females which possess 
properties especially favourable to the prosperity of the oflspring will 
best fulfil their task. 

At the same time variations in the duration of development, in 
the mode of growth and structure, may in a more passive way be 
favourable under the special conditions of life of the species. The 
secondary sexual characters may sometimes acquire such importance 
as to lead to essential and deeply engrained modification of the 
organism, and to a true sexual dimorphism (males of Kotifera with no 
digestive tube, dwarfed males of Bonellia, Trichosomum crassicauda). 

It is a significant fact that dimorphism of sex reaches its highest 
extreme in parasites. In many parasitie Crustacea (Siphonostoma) 
such extreme cases, in which the large shapeless females have lost 
the organs of sense and locomotion, and even segmentation, while 
the males are small and dwarfed, are connected by numerous inter- 
mediate forms; and the circumstances which have operated as the 
‚cause of this sexual dimorphism are not far to seek. The influence 
of favourable conditions of nourishment which parasites enjoy does 
away with the necessity of rapid and frequent locomotion, increases 
in the female the capacity of producing reproductive material, and 
brings about such an alteration of form that the power of locomotion 
is diminished and the organs of movement atrophy and may com- 
pletely vanish. The body acquires an unwieldy, shapeless character 
in consequence of the enormous size of the ovary which is filled with 
eggs, and throws out outgrowths and processes into which the ovaries 
project, or else acquires an unsymmetrical saclike form. The seg- 
mentation is lost and the limbs degenerate; the slender moveable 
abdomen which, when the animal was free-swimming, was an essen- 
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tial aid to locomotion, is reduced more and more till it becomes a 
short, unsegmented stump. The appearance of such a parasite is so 
strange that one can easily comprehend how it was that formerly 
one of these abnormal groups, the Zernee, was placed among the 
endoparasitic Worms, or even among the Mollusca. 

The more the female remains behind the type of its fully-developed, 
free-living allies, so much the more do the two sexes become morpho- 
logically remote from one another, for the form and organization of 
the male also are affected by the changed conditions of life, but in 
a different manner.“ Im the male sex the more favourable and 
abundant nourishment may not affeet the necessity of locomotion 
and the development of. the locomotive organs in so direet a manner, 
since the sexual activity of the male and the necessity for locomotion 
in order to select a female remain unaltered. Even when locomo- 
tion is reduced and rendered difhcult, parasitism does not, in the case- 
of the male, lead either to a complete loss of segmentation or to such 
unsymmetrical growths as we observe in many female parasitie Crus- 
tacea. The large quantity of generative material produced, which 
in the female is of the greatest importance for the preservation of 
the species, and which therefore favours the development of a large, 
shapeless, unwieldy body, is the less conspicuous in the male because 
a very small quantity of sperm serves for the fertilization of an 
enormous number of ova. 

Thus, then, the extreme degree of parasitism in the male, even 
when accompanied by a confined and more creeping mode of loco- 
motion, does not lead to an excessive increase in size nor produce 
an unsegmented and strange form of body, but, on the contrary, 
zives rise to the symmetrically formed, dwarfed pigm&an males. 
This extreme state is, however, connected with the normal state by 
numerous intermediate steps. Thus we find in the Lerns®opods that 
the size of {he male Actheres is only slightly reduced, while the true- 
dwarfed males of the Zernwopoda and Chondracanthide are attached,, 
like small parasites (fig. 98), to the posterior end of the female body, 
which is relatively enormously large. The preparation of a large 
amount of sperm which implies the possession of a large body, would 
only be a useless expenditure of material and time in the life of the 
species, and this must have been avoided by the influence of natural 
selection. 

In addition to this sexual dimorphism we find in various groups 
of animals—especially in the inseets which live together in great 


* Compare C. Claus, * Die freilebenden Copepoden.” 1863. 
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societies, the so-called animal communities—a third group of indi- 
viduals (sometimes even divided into several series of forms) which 
are without generative organs and are incapable of reproduction, but 
which assume the functions of protecting, of providing nourish- 
ment for the community, and of caring for the young. Adaptive 
peeuliarities suitable for the discharge of these functions are 
apparent in their structure and organization. These sterile indivi- 
duals are in the HZymenopter« aborted females. Among the ants 
they are divided into workers and soldiers. Amongst the Termites 
they are derived from both males and females, in which the genera- 
tive organs are educed. Sterile individuals are also found amongst 
animals (Fishes) which do not form communities, and were formerly 
taken for particular species and described as such. Polymorphism is 
most highly developed in the Hydroids which are united in stocks— 
the Siphonophora. 

The numerous cases of dimorphism and polymorphism in either 
sex of the same species, should be regarded from the same point of 
view. Dimorphic females among insects have been observed, e.g., in 
the Malayan Papilionide (P. Memnon, Pamnon, Ormenus), in cer- 
tain species of Aydroporus and Dytiscus, as also in the Neurotemis, a 
genus of the Neuroptera. In these cases, as a rule, one of the 
female forms is more nearly related in form and colour to the male 
form whose peculiarities it has assumed. In other cases the 
differences are more connected with elimate and season (seasonal 
dimorphism of butterflies), and also affeet the male animal. They 
may be connected with the different forms of reproduction (parthen- 
ogenesis), and lead to the phenomenon of heterogamy (Ü'hermes 
Phylloxera, Aphis). Much more rarely we find two kinds of males 
with dissimilar secondary sexual characters connected with copula- 
tion, as in the case of the “ smellers” and “claspers”’* described by 
Fritz Müller in the Isopoda (Tanais dubius). 

Evidence from Mimiery.— Another series of phenomena which 
may probably be referred to useful adaptation is the so-called 
mimiery. Certain animal forms come to resemble other widely- 
distributed species, which are protected by any peculiarity of 
forın and colour, so closely that they seem to have copied them. 
The cases of mimiery which have been principally made known by 
Bates and Wallace are directly connected with the protective 
 resemblances mentioned above; that is, the resemblance of many 
animals in colour and body shape to the objeets amongst which they 


* Fritz Müller, * Facts for Darwin,” p. 22. 
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live. For example, amongst the butterflies certain Zeptalide resemble 
in outward appearance and in mode of flight a species of the family 
Heliconius (fig. 116), which appears to be proteeted from the pursuit 
of birds and lizards by a yellow disagreeable-smelling fiuid, and 
share the same locality with the above-mentioned species. The 
most perfect instances of mimiery are found in the Tropies of the 
Old World, where the Danaide and Acreide are imitated by the 
Papilionide (Danais niavius, Papilio hippocoon—Danais echeria, 
Papilio cenea—Acrea gea, Panopea hirce). Cases of mimiery fre- 
quently occur between insects of different orders; butterflies imitate 
the form of Hymenoptera, which are protected by the possession of 
stings (Sesia bombyliformis— Bombus hortorum, ete.) Inthe same way 
certain beetles resemble bees 
and wasps (O’haris melipona, 
Odontocera odyneroides), and 
the Orthopteran genus Con- 
dylodera tricondyloides from 
the Philippines is like a genus 
of Cicindele (Tricondyla). 
Numerous Diptera have the 
form and colour of stinging 
Sphegide and Wasps. Also 
among Vertebrates (Serpents 
and Birds) some examples of 
mimicry are known. 
Evidence from Rudimen- 
tary Organs. — Rudimentary 
organs, too, which are so 
Fıs. 116.—a, Leptalis T’heonoe, var. Deuconoe > , 
(Pieris). 2, Ithomia Ilerdina (the mimicka COMMON, are satisfactorily ex- 
Heliconius). (After Bates.) plained by the theory of selec- 
tion as the result of non- 
employment of such organs. Organs which were formerly functional 
have gradually or even suddenly become functionless as a result of 
adaptation to special conditions of life, and, through want of exercise, 
have, after the lapse of generations, become weaker and finally aborted 
or degraded (Parasites). We cannot, however, assert that rudimentary 
organs are in all cases useless. They have, on the contrary, often 
gained secondary functions, though this may be diflicult to demon- 
strate. 
We find, for instance, in certain snakes (Pythonide) that there 
are small processes armed with claws at the sides of the anus (anal 
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claws). These are the hind limbs which have become rudimentary, 
and which do not subserve locomotion but, in the male at least, assist 
im copulation. The blind worms possess a rudimentary shoulder 
girdle and breast bone, although the anterior extremities are want- 
ing: these bones may be connected with the need of protecting the 
heart, or may aid in respiration. When we see that the upper 
ineisor teeth are developed in the fetus of many ruminants, and that 
these teeth are never cut, and that the embryos of the whalebone 
whales have the rudiments of teeth in their jaws, which they soon 
lose and never make use of in mastication, it is much more rational 
to ascribe to these structures a part in the growth of the jaw than to 
hold them for wholly useless. The rudimentary wings of the penguin 
are employed as oars, those of the ostrich as aids to running and as 
weapons for protection. The rudimentary stumps of the kiwi, on 
the contrary, appear valueless.. In many cases we are not in a 
position to assign any function or value to rudimentary organs. 

Evidence from Embryology.—The results of embryology too, £.e., 
the individual development from the ovum to the fully developed 
form, are in complete agreement with the Darwinian theories of 
selection and descent. The fact that the an’mals belonging to one 
type have, as a rule, embryos which are much alike and undergo a 
similar developmental process, and that the closer the relationship 
between the adult forms the greater the similarity in their develop- 
ment (with some remarkable exceptions), supports the conception of 
a common ancestry and the hypothesis of differing gradations of blood- 
relationship. 

If the groups of different value which correspond to the divisions 
and subdivisions of our classification are genetically derived from 
more or less remote ancestral forms, then the individual develop- 
ment will present so many the more common features the closer the 
forms stand to their common ancestor. 

The fact that animals which differ much from one another and 
exist under very different conditions of life show an unusual agree- 
ment in their post-embryonic development up to a more or less late 
period (the free Copepolla, parasitic Crustacea, Cirripedia), is in no wise 
opposed to the theory, but may be explained by the influence which 
adaptation has exerted not only during the period of sexual life, 
but also during each developmental period, causing changes which 
have been inherited in corresponding periods of life. 

The phenomena of metamorphosis afford numerous proofs of the 
fact that the adaptation of the embryonie form is as complete as 
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that of the adult; and we can thus understand how larve of many 
insects belonging to different orders can present great resemblances 
to one another and be unlike the larvs» of insects of the same order. 
While as a general rule the development of the individual is an 
advance from a simpler and lower organization to one more complex 
which has become more perfect by a continued division of labour 
among its parts—and we shall later find a parallel to this law of 
perfection of the individual in the great law of progressive perfecetion 
in the development of groups— yet the course of development may, 
in particular cases, lead to numerous retrogressions, so that we may 
find the adult animal to be of lower organization than the larva. 
This phenomenon, which is known as retrogressive metamorphosis 
(Oirripedia and parasitic O'rustacea), corresponds to the demands of 
the selection theory, since under more simple conditions of life, where 
nourishment is more easily obtained (parasitism), degradation and 
even the loss of parts may be of advantage to the organism. 

Again, the facts of embryonie development, when considered in 
relation to the gradations expressed in the system are in complete 
accord with the theory of evolution. Numerous examples may be 
eited to prove that features, not only of the simple and more 
primitive, but also of the more perfectly organised groups of the 
same type, are reflected in the successive phases of fetal life. In 
the case of a complicated free development by metamorphosis, which 
is usually correlated with an unusual simplification of the fetal 
development within the egg-membranes, the relation of the successive 
larval stages to the allied smaller groups of the system, to the 
genera, families and orders, is more direct and striking. For example, 
in the early stages of the embryonie development of mammals certain 
structures oceur, which in the lower fishes endure throughout life. 
Later stages show peculiarities which correspond to the characters of 
amphibia. The metamorphosis of the frog begins with a stage which 
in form and organization and mode of loeomotion agrees with the fish 
type; and this stage is succeeded by numerous other larval stages 
in which the characters of the other orders of Amphibia (Perenni- 
branchiata, Salamandrinide) and of individual families and genera of 
the same are repeated. 

This undeniable likeness between the successive stages of individual 
development and between allied groups of the system allows us to 
institute a parallel between the former and the evolution of the 
species. The evolution of the species finds, it is true, a most imper- 
feet expression in the relationship of the systematie groups, and can 





GEOGRAPHICAL DISTRIBUTION. 159 


only be inferred from the history of the past for which palxon- 
tology affords us but slight material. 

This parallel, which naturally presents numerous greater or smaller 
variations in detail, is explained by the theory of evolution, according 
to which the developmental history of the individual wppears to be 
a short and simplified repetition, or in a certain sense a recapitulation, 
of the course of development of the species.” 

The historical record preserved in the developmental history of 
the individual must often be more or less blurred and obscure on 
account of the many adaptations which have occurred during the 
embryonic development, or during larval life. Especially in those 
cases where the peculiar conditions of the struggle for existence 
demand a simplification, the development will take a more direct course 
from the ovum to the perfect animal, will be thrown back into an 
earlier period of life, and finally will be completed before the animal 
is hatched, until, in absence of a metamorphosis, the historical record 
is completely suppressed. On the contrary, in the cases of progres- 
sive transformation where the larval states are gradually modified 
and live under similar conditions of life, the history of the species 
will be less imperfectly reproduced in that of the individual. 

Evidence from the Facts of Geographical Distribution, —Unlike 
the facts of morphology, those of geographical distribution raise 
great difliculties for the theory principally because the phenomena 
are very complicated and our experiences are still too limited to permit 
of our establishing general laws. The present distribution of plants 
and animals over the surface of the earth is clearly the combined 
vesult of the earlier distribution of their ancestors and of the geologi- 
cal changes which have since taken place, the modifications in the 
extent and position of land and water, which must have had an 
influence on the fauna and flora. 

Accordingly the geographical distribution of plants and animals} 
appears intimately connected with that part of geology which has 
for its aim the investigation of the most recent occurrences in the 
formation of the earth’s cerust and its contents. It cannot, 
therefore, be confined to an examination of the areas of distribution 
of the animals and plants of the present day, but must take cogni- 
zance of the distribution of the remains, enclosed in the most recent 
formations, of the nearest relations and ancestors of living forms, in 


* Fr. Miller. “Für Darwin,” Leipzig, 1864. 
r A.R. Wallace, “ The Geographical Distribution of Animals,” London, 1876. 
P.L. Sclater, * Address to the Biological Section of the Brit. Association,’ 1875. 
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order to findan historieal explanation of the known facts of distribu- 
tion. Although in this sense the science of animal geography is still 
in its infaney, yet numerousand important phenomena of geographical 
distribution receive a satisfactory explanation according to the theory 
of transmutation of species on the supposition of migrations and 
gradual changes brought about by natural selection. 

It is a most important fact that neither the resemblance nor the 
want of resemblance of the animals inhabiting different localities 
can be completely explained as the result of climatie and physical 
conditions. Closely allied species of plants and animals often appear 
under very different natural conditions, while a completely different 
fauna and flora can exist in a similar climate and on a similar soil. 
On the other hand, the extent of the difference between two fauna 
is closely connected with the limitations of space and the barriers 
and hindrances to free migration. The Old and New Worlds, which, 
leaving out of consideration the polar connection, are completely 
separated, have in part a very different fauna and flora, although 
with regard to the elimaticand physical conditions of existence there 
are innumerable parallels which would equally favour the prosperity 
of the same species. 

In particular if we compare the distriets of South America with 
regions situated in the same latitude and possessing the same climate 
in South Africa and Australia, we find three faunas and floras which 
differ considerably, while the natural productions from different 
latitudes of South America with entirely different climates are 
closely allied. Here the northern animals are indeed specifically 
different from the southern, but belong to similar or nearly allied 
genera with the peculiar stamp characteristic of South America. 

Zoological Provinces —The surface of the earth can be divided 
into from six to eight regions according to the general features of 
the terrestrial and fresh-water fauna. These regions can indeed only 
be considered as a relative expression for large natural distriets of 
distribution, since they cannot be applied to all groups of animals 
in the same manner, and it is impossible that they should differ in 
like degree and in the same direction. There must also be inter- 
medinte regions combining the characteristics of the neighbouring 
regions with peculiarities of their awn ; and the question must arise 
whether these should not be taken as independent regions. 

The merit of having first established a natural division of the 
earth into zoological regions and sub-regions belongs to Sclater. This 
naturalist founded his system on the distribution of birds, and dis- 
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tinguished six regions, the limits of which agreed fairly well 
with the distribution of Mammalia and Reptilia. These regions 
are— 

(1) The Palearctic Region—Europe, the temperate part of Asia, 
and North Africa as far as Mount Atlas. 

(2) Nearctic Region—Greenland and North America as far as 
North Mexico. 

(3) The Ethiopian Region—Africa, south of Atlas, Madagascar, 
and the Mascarenes with South Arabia. 

(4) The Indian Region—India south of the Himalayas, to South 
China, Borneo and Java. 

(5) The Australian Region—ÜCelebes and Lombok eastward to 
Australia, and the South Sea Islands. 

(6) The Neotropical Region—South America, the Antilles, and 
South Mexico. 

Other naturalists (Huxley) have since shown that the four first 
of these regions have a much greater resemblance to one another 
than any one of them has to the Australian or South American 
regions; that New Zealand is entitled by the peculiarities of its 
fauna to be considered as forming a region by itself; finally, that a 
eircumpolar”* province should be formed equal in value to the Pal«- 
arctic and Nearctic, 

Wallace objects to the establishment either of a New Zealand or of 
a circumpolar region, and advocates the adoption of the six regions 
of Selater on practical grounds, but suggests the modification that 
since the South American and Australian are much more isolated, 
the regions should not be of equal value. 

These regions are bounded by extended seas, lofty mountain ranges, 
or vast sandy deserts, and obviously such boundaries do not constitute 
effective barriers to the migration of all animals, but allow certain 
groups to pass from one region to another. 

The obstacles to immigration and emigration appear in certain 
places, at all events in the present time, to be insurmountable ; 


* Andrew Murray, on the contrary, in his work on the geographical dis- 
tribution of Mammalia in 1866, distinguishes only four divisions—the Palzarctic, 
Indo-African, the Australian, and the American. Rütimeyer recognises in addi- 
tion to the six provinces of Sclater a Mediterranean and Circumpolar province, 
J. A. Allen (“ Bulletin of the Museum of Comparative Zoology, Cambridge,’ 
vol. ii.) proposes to distinguish -eight regions, in connection with “ the law of 
eircumpolar distribution of life in zones :”—(1) Arctic realm ; (2) North Temper- 
ate realm ; (3) Tropical American realm ; (4) Indo-African Tropical realm ; 
(5) Tropical South American realm ; (6) Temperate African realm ; (7) Ant- 
arctic realm ; (8) Australian realm, 

11 
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but in past ages, when the divisions of land and water were 
different, they must have been, for many forms of life, easily 
surmountable. The expression “centre of creation,” which has 
long been used in the sense of a tolerably defined distriet of dis- 
tribution— or better still, Rütimeyer’s word, “ centre of distribution” 
—has as a fundamental idea the endemie appearance of definite 
groups of typical species and their gradual extension * towards 
the boundaries of the said region, a conception which harmonizes 
well with the theory of the origin of species through gradual 
alterations. 

The same laws apply also to the distribution of the inhabitants of 
the sea. Great seas studded with islands which serve to confine the 
land animals may favour the migration of marine species, while 
‚extended continents, which allow their inhabitants to wander freely 
over them, eonfine the sea animals within limits which cannot be 
passed. A great number of sea animals live only in the shallow 
water round the coast, and their distribution thus often coincides 
with that of the land animals; whereas the animals found on the 
opposite coasts of great continents are very different. For example, 
the sea animals of the east and west coasts of South and Central 
America differ to such a degree that, with the exception of a series 
of fishes, which, according to Günther, are found on both sides of 
the /sthmus of Panama, only a few forms are common to the two 
coasts. Inthe same way we find that the marine inhabitants of 
the east insular distriet of the Paecifie differ completely from those of 
the west coast of South America. If, however, we advance to the 
west of this part of the Pacifie till we come to the coast of Africa 
in the other hemisphere, we find that the fauna of this extensive 
district cannot be so sharply distinguished. Many species of fish 
are found from the Paeifie to the Indian Ocean. Numerous Mollusca 
of the South Sea Islands live also on the east coast of Africa, almost 
beneath the opposite 'meridian. In this case the limits of distribu- 
tion are not impassable, as numerous islands and coasts afford a rest- 
ing place to wandering inhabitants of the sea. Im respect of the 
different haunts of the inhabitants of the sea, we must make a dis- 
tinction between the Zittoral animals, which are distributed along the 
coasts, and live under different conditions and at different depths on 
the bottom of the sea, and the pelagie animals, which swim on the 
surface. 


* Compare Riütimeyer’s Essay, “ Ueber die Herkunft unserer Thierwelt.’ 
Basel and Genf, 1867. 
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But there also exists, at considerable depths and on the bottom 
of the sea, a rich and varied animal life. This has only lately been 
brought to our knowledge principally by the deep-sea explorations 
from North America, Scandinavia, and England. In place of that 
want of animal life which we should on & priori grounds expect 
to find, we see that numerous lowly organised animals of the 
most different groups are able to exist even at the greatest 
depths. Besides the lowest sarcode animals of the Foraminifera 
(Globigerina ooze), we find especially silicious sponges, certain corals, 
Echinoderms, and Crustacea.* The representatives of the latter 
are in part of low type, but gigantic, and many of them blind. 
It is also a fact of more than ordinary interest, as showing the 
continuity of living creatures from successive geological forma- 
tions up to the present time, that the deep sea animals are allied 
to ancient types which occur in Mesozoic formations, especially in 
chalk. 

Evidence from Palsontology.—The results of geological and 
paleontological inquiry give us a third great series of facts in 
support of the theory of slow alterations of species and the 
gradual development of genera, families, orders, etc. The firm 
crust of our earth is formed of numerous and enormous rock 
strata, which have been deposited in a definite series by water in 
course of time, and also of the so-called voleanie or plutonie rocks, 
masses which have been foreibly ejected from the molten interior 
of the earth. The former or sedimentary deposits, which have under- 
gone numerous alterations in the originally horizontal arrangement 
of their strata as well as in the petrographical condition of their 
rocks, contain a quantity of the fossilized remains of former plants 
and animals which have become buried in them, and thus afford an 
historical record of a rich fauna and flora which existed during the 
earlier periods of the earth’s development. Although these so-called 
fossils have made us acquainted with a very considerable number of 
ancient organisms presenting great diversity of form, yet they only 
constitute a very small portion of the enormous quantity of living 
beings which have at all times existed upon the earth. They 
suffice, however, to teach us that a different fauna and flora existed 
at the time when each individual deposit was being formed, and that 


* Compare Wyville Thomson, “ The depths of the sea. An account of the 
general results of the dredging cruizes of the Porceupine and Lightning, during 
the summer months of 1868, 1369, 1870.” London, 1873. Also tlıe results of the 
Challenger expedition 1874-1876. 
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the deeper a stratum comes in the series, that is, the earlier it 
appears in the history of the earth, so much the more its fauna and 
tlora differ from those of the present time. The more nearly one 
stratum follows another in the series, the closer the relationship 
between their respective fossils. Every sedimentary formation 
possesses characteristie fossils which appear very frequently; and 
from these, taking into account the succession of strata and the 
petrographic characters of the rocks, the place oceupied by the 
stratum in the geological system can be defined with tolerable 
accuracy. 

Without doubt the characters of the fossils and the relative posi- 
tions of the strata are the most important aids to the determination 
of the geological age of the deposit; at any rate they furnish a more 
reliable eriterion than does the structure of the rocks. The idea 
entertained in earlier times that rocks of the same period always 
possessed a similar, and rocks of a different period a dissimilar 
structure, has lately been given up as erroneous. Stratified or 
sedimentary deposits have arisen in every period under similar condi- 
tions. Im past times, as at the present time, they were caused by 
the deposition of clay, of fine or coarse sand, of fine and coarse d£bris, 
by chemical preeipitation of carbonates and sulphates of lime and 
magnesia, of silica and oxide of iron, and by accumulation of solid 
animal and vegetable remains. These have become transformed only 
in course of time into such hard rocks as argillaceous and calcareous 
schists, limestone, sandstone, dolomite, and conglomerates of many 
kinds; as the result of many causes, such as mechanical pressure of 
superineumbent masses, increase of temperature, internal chemical 
processes, and so forth. 

Even though the peculiar structure of rocks may in many cases 
afford good ground for conjecture as to the relative age, yet 
it is certain that deposits of similar age may show an entirely 
different petrographical character; and, on the other hand, that 
deposits of very different ages may have given rise to rock forma- 
tions that can be scarcely or not at all distinguished from one 
another. 

The old idea that deposits of the same age must everywhere contain 
the same fossils, could only be maintained as long as geological inves- 
tigations were confined to small distriets. Similarly the idea, closely 
connected with the former, that the various geological formations, 
characterised by a series of definite strata, are entirely independent 
of one another, no longer obtains credit. The various forma- 
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tions,* as the group of strata of one distriet of distribution and belong- 
ing to one period are named, cannot be divided petrographically or 


* The following table may serve for a bird’s-eye view of the geological periods 
and their most important formations :— 


Zteeent Periods (alluvium, marine and fresh-water 
formations). 


Postpliocene or Dilwial Period (erratic boulders, 


QUARTIARY PERIOD 
(Dilwial and Allwvial 


PUmmuaRm); glacial period). 
Pliocene Period (subappenine formations, bone sand 
of Eppelsheim, ete.) 
TERTIARY PERIOD Miocene Period (Molasse, Tegel near Vienna, brown 
(Cainozoie Formations), coal in North Germany, ete). 


ns Dia we Nummulite formation 
of the Paris basin. 
Maestricht strata, white chalk, 
Cretaceous Period | upper green sand, Gault, 
lower green sand, Weald. 
SECONDARY PERIOD 
(Mesozoie Formation). \ 


Purbeck strata, Portland stone, 
| Jurassic Period 


Kimmeridge clay, Coral Ra. 
Oxford clay, Great oolite, 
Lower oolite, Lias (white, 
brown, and black jura). 
Keuper or upper new red sand- 
stone, Muschelkalk (upper 
Muschelkalk, gypsum and 
anhydrite, Wellenkalk, Bun- 


Triassie Period 
SECONDARY PERIOD 


(Mesozoie Formations). ter Sandstein), 
Permian Zechstein, Rothliegendes.— 
lower new red sandstone. 
Coal Measures of England, 
Carboniferous Germany, and North 
Period America, Kulmformation, 


Carboniferous limestone. 
PALEOZOIC PERIOD 


KEabe0zo Formasions). Devonian Period (Spiriferenschiefer, Cypridinen- 


schiefer, Stryngocephalenkalk, ete.—old red sand 
stone.) 
Silurian Period (Ludlow, Wenlock, strata, etc.) 
Cambrian Period (slate, etc.) 


f Thonschiefer, Laurentian formations. Mica schist, 
PERIOD h 5 
( Older Gneiss formations. 
According to Professor Ramsay the groups of formations in England have a 
thickness of 72,584 feet, i,e., about 133 Englishmiles ; that is, formations of the— 


Palzxozoiec period have a thickness of 57,154 
Secondary „ r 13.190 Y 72.584 feet 
Tertiary ee ss 2.240} 


ARCHEAN 
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paleontologically from each other in such a manner as to lend support 
to the hvpothesis of sudden and mighty revolutions and catastrophes 
destroying the whole living world. We may rather assert with cer- 
tainty, that the extinetion of old species and the appearance of new 
ones has not taken place at the same time at all points of the surface 
of the earth, for many species extend from one formation into 
another, and a number of organisms persist from the tertiary period 
to the present time, but little altered or even identical. Just as the 
commencement of the recent epoch is hard to define, and cannot be 
sharply separated from the diluvial period by the character either 
of its deposits or of its fossils, so it is with the remoter periods of 
the earth’s history, which are founded, like periods of human history, 
upon great and important occurrences, and yet are in direct con- 
tinuity. 

Lyell has proved in a convincing way on geological grounds that 
there were no sudden revolutions extending over the whole surface 
of the earth, but that changes took place slowly, and were confined * 
to separate localities; in other words, that the past history of the 
earth consists essentially of a gradual process of development, in which 
‘the numerous forces which may be observed in action at the present 
day have, by their long continued operation, had an enormous total 
effect in transforming the earth’s surface. 

The reason for the irregular development of strata and for the 
limitations of formations is principally to be sought in the interrup- 
tion of depositions, which, though widely distributed, were only of 
local importance. Were it possible that a single basin of the sen 
should have persisted during the whole period of sedimentary forma- 
tion and under singularly favourable circumstances have formed new 
deposits in persistent continuity, then we should find a progres- 
sive series of strata interrupted by no gaps, which we should be 
unable to classify according to formations. Such an ideal basin 
would include only a single formation, in which we should find 
representatives of all the other formations of the surface of the 
earth. 


* “ Bvery sedimentary formation wasextended at the time of deposition over a 
confined territory,—confined on the one hand by the extent of the sea or fresh- 
water basin, and on the other by the different conditions favourable to the depo- 
sition inside the basin. At the same time, in other places entirely or at any 
rate somewhat differently stratified formations (2.e., formations of the same age, 
but of different composition) resulted,. Thus marine, fresh-water, and Elbe 
formations have been deposited at the same time from different rocks and wit 
different fossils, while the land surface has remained free.’ Comp. B. Cotta, 
“ Die Geologie der Gegenwart.” 
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In reality this ideal continuous series of strata is interrupted by 
numerous and often large gaps, which determine the petrographical 
and palsontological differences, often strongly marked, between 
successive strata, and correspond to periods of inactivity, or, as 
may happen, to periods when the results of sedimentary action 
have been again destroyed. These interruptions of local deposits 
are explained by the constant alterations of level which the 
surface of the earth has undergone in every period in consequence 
of the reaction of the molten contents of the earth against its firm 
erust. 

As we see in the present time that wide traets of country are 
gradually sinking (west coast of Greenland, coral islands), while 
others are being slowly elevated (west coast of South America, 
Sweden); that strips of coast line are suddenly submerged beneath 
the sea by subterranean forces, and that islands as suddenly appear; 
so it was in earlier periods. Elevation and depression were at work, 
perhaps uninterruptedly, causing a gradual, more rarely a sudden 
(and then locally confined) interchange between land and sea. 
Basins of the sea rising with gradual movement became dry land and 
rose up first as islands, and afterwards as connected continents, the 
different deposits of which, with their included fossils, bear witness 
of the sea which once covered them. On the other hand, great 
continents sank beneath the sea, leaving perhaps their highest moun- 
tain peaks appearing as islands, and again became the seat of fresh 
deposition of strata. In the first case there would be an interruption 
of deposit, while in the latter there would result, after a longer or 
shorter period of inactivity, the beginning of a new formation. Since, 
however, elevations and depressions, even though affeeting distriets of 
great extent, must always be locally confined, the commencement and 
interruption of formations of equal age have not taken place every- 
where at the same time. Deposits continued a long time on one tract 
after they had ceased on another; hence the upper and lower boun- 
dary of equivalent formations may show great want of uniformity, 
according to the different locality. This explains how it is that for- 
mations lying one above the other are composed of strata of very 
variable thickness, and why we can only in rare cases supply the gaps 
in the series of these strata from strata found in other countries. 
The whole succession of formations known to us up to the present 
time is not sufficiently complete to form an entire and uninterrupted 
series of the sedimentary formations. There are still numerous and 
important gaps in the geological record which we may expect to 
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see filled in future days, when knowledge has increased, and per- 
haps only when formations now beneath the sea have become known 
to us. 

Imperfection of the Geological Record. — After the foregoing dis- 
cussion we may consider that the continuity of living organisms in 
the successive periods of the earth’s development and their close 
relationship has been proved partly by geological and partly by 
palzontological facts, The theory of descent, however, according to 
which the natural system must be regarded as a genealogical tree, 
requires still further proof. It requires proof of the presence of 
numerous forms, transitional not only between the species now 
existing and those in the more recent formations, but also between 
the species in all those formations which have immediately succeeded 
one another in point of time. The theory also demands proof that 
forms connecting the different groups of plants and animals of the 
present day have existed. The establishment and limitation of these 
groups can, according to Darwin, only be explained by the extinction, 
in the course of the earth’s history, of numerous and intimately 
connected species. Palsontology is only able imperfectly to comply 
with these demands ; for the numerous closely graduated series of 
varieties which, according to the theory of selection, must have 
existed, are, for the greater number of forms, entirely wanting in 
the geological record. 

This want, however, which Darwin himself recognised as an 
objection to his theory, loses its importance when we consider the 
eircumstances under which organic remains were generally deposited 
in mud, and preserved for succeeding ages in a fossil form ; when 
we recognise the facts which indicate the extraordinary incomplete- 
ness of the geological record, and which show that the intermediate 
forms must have been in part described as species. 

First of all we can only expect to find in deposits the remains of 
those organisms which possessed a firm skeleton supporting the softer 
parts of the body, since it is only the harder structures of the body, 
such as the bones and teeth of Vertebrates, the calcareous and 
silicious shells of Molluses and Rhizopods, the shells and spines of 
Echinoderms, the chitinous skeleton of Arthropods, ete,, which are 
able to resist rapid decay, and to undergo gradual petrifaction. 
Thus the geological record will fail to provide us with any account of 
the numerous and prineipally low organisms which are not pro- 
vided with firm skeletal structures, 

But also among those organisms which are capable of becoming 
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fossilized, there are large groups which have only exceptionally left 
traces of their existence: these are the animals which lived on land. 
Fossil remains of land animals can only have survived when, during 
great floods or inundations, or for some reason or other their carcasses 
have been carried away by the water, floated hither and thither, and 
been surrounded finally by hardening mud. This explains not only 
the relative scareity of fossil Mammalia, but also the fact that of 
the most ancient Marsupials (Stonesfield slate), scarcely anything 
is preserved but the underjaw, which, as the body decayed, was 
easily detached, and, on account of its weight, offered most resist- 
ance to the current of the water, and was the first part to sink to 
the bottom. Although it has been shown by such remains that 
Mammalia existed in the Jurassic period, yet the Eocene forms 
are the first which give us an insight into the details of their 
structure. 

Circumstances must have been more favourable to the preservation 
of fresh-water animals, and most of all to that of marine animals, 
since the marine deposits have a much greater extent than the 
locally confined fresh-water deposits.,  Thick formations seem in 
general to have arisen under one of two conditions: either in a very 
deep sea, protected from the operation of winds and waves, no 
matter whether the bottom was gradually rising or sinking—in this 
case, however, the strata would be relatively poor in fossils, since 
only the inhabitants of the deep sea, which is comparatively wanting 
in animal and vegetable life, would be preserved—or in a shallow sea, 
in which the bottom underwent a gradual and continued depression 
during long periods of time favourable to the development of a rich 
and varied fauna and flora. In this case the sea would have retained 
uninterruptedly its rich fauna so long as the gradual sinking of 
its bottom was counteracted by the continual supply of sediment 
deposited upon it. Thick formations, all or most of the strata of 
which are rich in fossils, must have been deposited in extended and 
very shallow regions of the sea, during a long period of gradual 
depression. 

Thus the great gaps which occur in the series of paleontological 
remains are explained by a consideration of the mode of origin of 
deposits. These remains must necessarily be confined to the more 
recent formations. The lower, more ancient, and very thick succes- 
sions of strata in which the remains of the oldest fauna and flora 
must have been buried, seem to have been so completely altered by 
the heat of the molten interior of the earth, that the organie 
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residua which they contain have been completely destroyed, or so 
altered that they cannot be recognised. 

In any case it may be regarded as certain, that only a small part of 
the extinet animal and vegetable world has been preserved in a 
fossil state, and that of this we only know a small part. Therefore 
we cannot conclude that, because the fossil remains of intermediate 
stages cannot be found, they have never existed. 

It is true that transitional forms are wanting in the strata where 
they should have occurred, that a species suddenly appears in the 
middle of a series of strata and suddenly disappears, and that whole 
groups of species make their appearance and quickly vanish, but the 
value of these facts as arguments against the theory of selection 
is diminished by the circumstance that in certain cases series of 
transitional forms between more or less remotely related organisms 
have been found, and that many species have been developed in 
course of time as links between other species and genera ; and again, 
that species and groups of species not unfrequently increase very 
gradually till they attain an unusually wide distribution, extend 
into later formations, and then gradually disappear again. Such 
positive facts have a higher value when we consider the incomplete- 
ness of fossil remains, 

It will sufice here to refer to the Ammonites and Gasteropods, 
such as Valvata multiformis, as examples supplied to us by Palx»on- 
tology of transitional forms which can be arranged in a gradual 
series. 

Relation of Fossil Forms with Living Species—The close rela- 
tionship of the plants and animals of the present time to the fossil 
remains of recent formations is a fact of great importance In 
particular, we find in the diluvial period and in the different tertiary 
formations the ancestral forms from which numerous living species 
are directly descended; and further the characteristic features of the 
fauna of any particular geographical province in the present epoch 
are foreshadowed by the fauna of the epoch immediately preceding in 
the same region ; a fact which is proved by the fossil remains we find 
buried in the most recent strata. 

Many fossil Mammalia from the diluvial period and the most recent 
(pliocene) tertiary formations of South America belong to types of the 
order of #dentata which are now distributed in that part of the world. 
Sloths and Armadillos of immense size (Megatherium, Megalonyz, 
Glyptodon, Toxodon, ete.) formerly inhabited the same continent, the 
mammalian fauna of which in the present day is so specially charac- 
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terised by its Sloths, Armadillos, and Anteaters. In addition to 
these gigantie forms, small and extinet species have been found in 
the bone caves of Brazil, and some of these are so nearly related to 
the living forms that we may assume them to have been their 
ancestors. 

This law of the “ succession of similar types” in the same localities 
is also exemplified by the Mammalia of New Holland; for in the 
bone caves of that country are found many species nearly allied to 
its present Marsupials. The same law holds good for the gigantie birds 
of New Zealand, and, as Owen and others have shown, for the Mam- 
malia of the Old World, which, indeed, is continuous by the circum- 
polar region with North America ; and ancient types were able, in the 
tertiary period, to pass into North America, and vice versd by that 
way. The presence of Central American types (Didelphys) in the 
early and middle tertiary formations of Europe is to be explained 
in the same way. It is even more diflicult to distinguish the regions 
of distribution of the animals of that time than of those of the later 
tertiary period. 

The evolution of the ancient forms into those of the present 
time was effected in the case of the lower, simply organised animals 
at a much earlier period than in the case of higher organisms, 
Rhizopods, indistinguishable from species living at the present 
time (globigerina ooze) were already living in the Cretaceous period. 
The deep sea explorations * have accordingly yielded the interesting 
result, that certain Sponges, Corals, Molluscs, and Echinoderms now 
living in the deep sea existed in the Cretaceous period. We meet 
with a number of living species of Molluses in the oldest tertiary 
period, though the mammalian fauna of this period differs completely 
from that of the present day. The greater number of species of 
Molluscs found in the recent tertiary period resemble those of the 
present day, but the Insects of that time differed considerably from 
living species. 

On the other hand, the Mammalia, even in the post-pliocene 
(diluvial) deposits, differ in part both in genera and species from 
those of the present day, although a number of forms have been 
preserved through the glacial period. On this account, and on 
account of the relative completeness of the tertiary remains, it is 

* (Rhizocrinus Lofotensis— Apioerinites, Pleurotomaria, Siphonia, Mieraster, 
Pomocaris, etc.) Types of earlier and even of the older geological formations 
have been found preserved in the depths of the ocean, which, in spite of the great 


pressure, the want of light and deficieney in gaseous contents of the water, are 
more suited to the development of animal life than was formerly believed. 
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especially interesting to trace the recent mammalian fauna back 
through the pleistocene forms to the forms of the oldest tertiary 
period. It is possible to trace the ancestry of a number of mam- 
malian species. Rütimeyer was the first to undertake to trace out the 
ancestral line of the Ungulata, and especially of the Ruminantia, 
so as to obtain a paleontological developmental history, and succeeded 
in obtaining results, by means of detailed geological and anatomical 
(deeiduous teeth) comparison, which leave no room to doubt that 
whole series of species of existing mammalia are collaterally or 
directly related with each other and with fossil species. Rütimeyer’s 
investigations have received corroboration in their essential points 
from the recent comprehensive works of W. Kowalevski, and have 
resultedin the establishment of a natural classification of the ungulate 
animals founded on phylogeny. 





Fıs. 117.—Bones of the feet of the different genera of the Eyuide (after Marsh). a, Foot of 
Orohippus (Eocene). db, Foot of Anchitherium (Lower Miocene). c, Foot of Hipparion 
(Pleiocene). d, Foot of the recent genus Eguus. 

In addition to these works we have the recent researches of 
Marsh, who has completed to an extraordinary degree our knowledge 
of the genealogy of the genus Zguus, by numerous discoveries 
(fig. 117) in America (Wyoming, Green River, White River). The 
eocene Orohippus, in which the small posterior toes were present as 
well as the three principal toes which rested on the ground, was 
succeeded in the Lower Miocene formation by Anchitherium with 
three hoofs; and the latter was followed by the Zipparion of the 
Pleiocene formations; and this is the ancestral form of the existing 
genus Zquus. 

The origin of most orders of Mammalia, such as Rodentia, C'heirop- 
tera, Proboscidea, Cetacea, etc, cannot be clearly traced out, but 
for certain orders, as the Prosimie, Carnivora, Ungulata, and Ro- 
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dentia, remarkable transitional forms have been discovered among 
the remains of extinet types. These also appear most prominently 
among the tertiary remains of North America. In the Eocene 
period here (Wyoming) lived the 7illodontia with the genus Tillo- 
therium,* characterized by havinga broad skull like a bear, two broad 
ineisor teeth like a rodent, and molar teeth like Paleotherium, and 
feet having five toes armed with strong claws. It thus united in 
its skeletal structure peculiarities of Carnivora and Ungulata. The 
Dinocerata (Dinoceras laticeps mirabile) were powerful Ungulates 
with five-toed feet with six horns on their heads, without incisors in 
the pramaxillary bone, with strong sabre-like canine teeth in the 
upper jaw and with six molars. 

A third type, that of the Brontotheride attained elephantine 
proportions, and was provided with transversely placed horns in front 
of the eyes. In addition to the foregoing there are a number of 
other groups of Mammals now completely extinet, the remains of 
which extend back into far earlier strata. Amongst them are the 
South American Megatheride (Mylodon, Megatherium), which belong 
to the order Edentata, and the Toxodontia, whose skull and dentition 
show relations to the Ungulates, Rodents, and Edentates. Many 
other types, however, especially of the Ungulates, which during the 
tertiary period inhabited both hemispheres, are now extinct in 
America, but still exist in the East. Elephants, Mastodonta,. 
Rhinoceride, and Equids existed in America in the diluvial but 
not in recent periods. Of the Perissodactyles the group of Tapirs 
alone is preserved in America. This group has also been preserved 
in the Eastern hemisphere in the East Indian species. 

In the palsarctie region also are found the remains of extinct 
intermediate groups of Mammals which existed during the tertiary 
period. In the Phosphorites of Quereyf in the south of France are 
found the remains of the skulls of Prosimis (Adapis), the dentition 
of which is intermediate between the ancient Ungulates and the 
Lemuridse (Pachylemuride), so that the question may be raised 
whether the Prosimie had not a common ancestry with several 

* Compare O. C. Marsh, ‘ Principal Characters of the Tillodontia.” Amer. 
Journal of Seience and Art, Vol. xi., 1876. 

O0. C. Marsh, “ Principal Characters of the Dinocerata.”’ Amer. Journal of 
Seience and Art, Vol. xi., 1876. 

0. C. Marsh, “ Principal Characters of the Brontotheride.” Amer. Journal 
of Seience and Art, Vol. xi., 1876. 

7 Compare H. Filhol, “ Recherches sur les Phosphorites du Querey, Ütude 


des fossils qu’on y rencontre et specialement des Mammiferes.” Ann. Seiences 
geologiques, Vol. vii., 1876. 
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eocene Ungulates (Pachydermata). In the same locality are found 
the well preserved remains of the bones of peculiar Carnivora which 
are well worthy of remark. These are the Hysnodonta. It was for 
a long time doubtful whether they were Marsupials or not, until 
Filhol showed from the reserve teeth of their permanent dentition 
that they were probably of the nature of placental Carnivora. The 
great agreement of the molars of these Hysnodonta with those of 
the carnivorous Mar- 
supials, as well as the 
small size of the skull 
cavity and the rela- 
tively slight develop- 
ment of the brain, 
support the view, 
which is also rendered 
probable by many 
other cireumstances, 
that placental Mam- 
malia have developed 
from the Marsupials 
of the mesozoie 
period. 

In the oldest strata 
of the Eocene forma- 
tions in both hemi- 
spheres, the higher 
placental Mammalia 
already appear in a 
rich variety of forms, 
which contrast mark- 
edly with one another 
(Artiodactyla, Peris- 
sodactyla). There is, 
however, no ground 
for regarding the immeasurable period from the oldest Eocene to the 
Keuper, in which the oldest Mammalian remains (the teeth and 
bones of insectiyorous Marsupials) have been found, as the period in 
which this higher development of the Mammalian organism has been 
eflected. 

In other cases also the science of palxontology has led to the 
discovery of intermediate forms between groups and even between 





FıgG. 118.—Pterodactylus erassirostris (after Goldfuss) about 
one-third natural size. 
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classes and orders. The Zabyrinthodonta, the most ancient of the 
Amphibia, found as early as the carboniferous period, present many 
piscine characters (ventral ewoskeleton), and have a cartilaginous 
skeleton. Many fossil orders and sub-orders of Saurians (Halo- 
sauride, Dinosauride, Pterodactylidie (fig. 118), T’hecodontide) have 
not left a single representative in the present day ; others again are 
transitional between recent orders. Such a relation has, for example, 
been recently shown between the “ Pythonomorphous” lizards (related 
to the genus Mosasaurus) from the chalk in America, and serpents 
so far as the structure of the skull and jaw is concerned. 

Owen’s researches on the fossil Reptiles of the Cape have shown 
that certain Reptiles (7’heriodonta) once lived there which showed 
a close resemblance to carnivorous Mammalia with regard to their 
dentition and the structure of their feet. The teeth of these 
animals, though only furnished with one root, can be divided into 
incisors, canines, and molars, a fact which induces us to believe it 
possible that the dentition of the most ancient Marsupials hitherto 
known (Keuper) may have been derived from that of a 7’heriodon- 
like Reptile. 

Even as regards birds, a class so uniform in structure and so 
sharply defined, a form (Archwoptery® lithographica) (fig. 119) 
transitional between them and Reptile has been discovered in the 
Sohlenhofen slate, although the impression was not perfect. In this 
form the short tail of the bird is replaced by a long reptilian tail 
composed of numerous (20) vertebre and provided with two rows 
of feathers (Saurure). The articulation of the vertebral column 
and the structure of the pelvis indicated an affinity to the long-tailed 
Pterodactyls. 

The discovery of a second and more perfect specimen of Arch@op- 
teryz has made known to us its dentition. It had sharp-pointed 
teeth wedged into the jaws. Other types of birds have also been 
found in the American chalk, which diverge more widely among 
themseves and from the Saurians than do the birds of any living 
order. These were defined as Odontornithes by Marsh,* and dis- 
tinguished as a sub-class; they had teeth in the jaws, which latter 
were elongated to form a kind of beak. Some of them (Order 
Ichthyornithes) had bicelous vertebr®, a crista sterni, and well 


* 0. C. Marsh, “On a new sub-class of fossil Birds (Odontornithes).” 
American Journal of Science and Art, Vol. v., 1873. 

0. C. Marsh, “On the Odontornithes, or birds with teeth.” American 
Journal of Seienee and Art, Vol. x.. 1875. 
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They were not capable of flight (Hesperornis, 


Fıs. 119. —Archeopterya lithographica. 
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developed wings (Zchthyornis). Others (Odontolee) had teeth em- 
bedded in pits, normal vertebre®, no keel to the breast-bone, and 


rudimentary wings. 
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Lestornis). Possibly in future days we shall be able by the dis- 
covery of new types to establish the connection with the Dino- 
saurians (Compsognathus), the formation of whose pelvis and feet 
offers a closer relationship to those parts in birds. 

Advance towards perfection.—If we compare the animal and 
vegetable life of the most ancient formations with that of the sue 
ceeding periods of the earth’s development, it becomes evident that 
there has been, on the whole, a continual progress from a lower to a 
higher condition. The oldest formations of the so-called archean 
time, the rocks of which are for the most part in a metamorphie 
state, must from their enormous thickness have occupied immea- 
surable time in their origin. They contain no fossil remains which 
can be recognised with certainty as. such; although the presence of 
bituminous gneiss in the old formations is a proof of the existence 
of organic bodies at that time. All the organisms of these most 
ancient periods, which were certainly numerous, have been de- 
stroyed without leaving any further traces than the Graphite 
deposits of the erystalline schist. In the most ancient and very 
extensive groups of strata we find exclusively eryptogamous plants, 
especially Fuci, which formed extensive forests beneath the sea. 

The warm seas of the primary period were inhabited by numerous 
sea animals of very different groups, such as Zoophytes, Molluses 
(especially Brachiopoda), Crustaceans (larva-like Zymenocaris, Trilo- 
bites), and Fishes whose peculiar armoured forms (Cephalaspide) 
indicate a low stage of organization. In the coal formations we 
meet for the first time with the remains of land animals, Amphibia 
(Apatheon, Archegosaurus), with a notochord and a cartilaginous 
skeleton ; we also find Insects and Spiders; and in the Permian 
formations we meet with large lizard-like reptilian forms (Protero- 
saurus); while fishes, exclusively Elasmobranchs and Ganoids with 
a notochord, and vascular eryptogamous plants (Tree-ferns, Lepido- 
dendra, Calamites, Sigillaria, Stigmaria) still predominate. 

In the carboniferous period isolated instances of the Lizards 
amongst Vertebrates and of Conifer® and Cycadie amongst plants 


'had already made their appearance ; but in the secondary period they 


obtained such a preponderance that the whole period has been named 
from them the period of Saurians and Gymnosperms. Amongst 
the first the colossal Dinosaurians living upon the land, the flying 
Lizards or Pterodactyls, the Halosaurians, with their best known 
genera Ichthyosaurus and Plesiosaurus, are entirely peculiar to the 


secondary period. 
12 


Tr 
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Examples of Mammalia, although scarce, are found in the upper 
Triassie beds, and also in the Jurassie. Such Mammalia belong 
without exception to the lowest grade of Marsupials. Flowering 
plants appear for the first time in the chalk, as do the oldest remains 
of distinetly bony fishes. 

Flowering plants and Mammalia—and amongst the latter the 
highest order of Apes is represented—so preponderated in the 
tertiary period that it has been called the period of leafy forests and 
Mammalia. The plants and animals of the upper tertiary beds show 
a gradually increasing resemblance to those of the present time, the 
higher we ascend in the series. Numerous lower animals and plants 
are identical, not only generically but also specifically with those 
now living, and the genera and species of the higher animals have 
a greater resemblance to those of the present time. With the 
transition to the diluvial and recent epoch, the number and area of 
distribution of the higher types of flowering plants increase, and in 
every order of Mammalia we find forms whose structure is specialized 
more and more in definite directions, and which therefore appear 
more perfect. In the diluvial age we find the first unmistakable 
traces of the existence of Man. His history and the development of 
his eivilization has occupied only the last portion of the recent period 
which has been relatively so short. 

Despite its great incompleteness the geological record affords 
sufficient material to prove the existence of a progressive develop- 
ment from simple and lower grades of organization to higher, and 
to confirm the law of a progress towards perfection in the succession 
of the groups. We are indeed unable to make use of more than 
a small period of the time that has been occupied in this progress 
towards perfection of organisms, since the organie world of the most 
ancient and extensive periods has completely disappeared from the 
record. 

If, after the above discussion, we consider the hypothesis of Trans- 
mutation of Species and of Descent to havea firm foundation on fact, 
we must concede a high value to Darwin’s theory of Selection as an 
explanation of the manner in which the transmutation of species has 
been eflected. 

There are yet natural historians who admit- the great changes 
which the animal and vegetable world have undergone, and yet 
combat the Darwinian principle of Selection, without being able to 
give any other explanation. The phenomena of gradual progress 
towards perfeetion agree very well with the theory of Selection. 
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Natural Selection leads, on the whole, to a progressive differentiation 
of organs (division of labour), since it preserves any peculiarities 
which are of use in the struggle for existence, and thus tends to the 
perfection of the organism. We can therefore connect the progress 
of simple types to higher ones with the principle of utility implied 
by Natural Selection, without being obliged, with Nägeli, to have 
recourse to the obscure notion of an inexplicable tendency towards 
perfeetion. It is the latter mystical supposition, and not Natural 
Seleetion, which is contradicted by the fact that we find a number of 
Rhizopods, Molluscs, and Crustacea (e.g., the genera Zingula, 
Nautilus, Limulus) have existed almost without alteration from the 
earliest formations through all the geological periods to the present 
time, and by the observation of a retrogression of organization in 
the course of development (e.g., retrogressive metamorphosis of 
Parasites). 

Nor again can it be objected that on the hypothesis of Natural 
Selection the lower types should have been long ago suppressed 
and have become extinct, while, as a matter of fact, there are higher 
and lower genera in every class, and the lowest organisms are 
numerous and widely distributed. It is precisely the great variety 
in the degrees of organization which brings about and is favourable 
to the greatest development of life, all the forms of which, both the 
higher and the lower, being best suited to their peculiar circumstances 
are able, more or less perfectly, to occupy a special place in nature, 
and in a certain sense to maintain it. Even the most simple 
organisms occupy a place in the economy of nature which can be 
filled by no other organisms, and are necessary to the existence of 
numerous higher grades. 

However well grounded we admit the theory of Selection to be, we 
cannot accept it as in itself suflieient to explain the complicated and 
involved metamorphoses which have taken place in organisms in 
the course of immeasurable time. If the theory of repeated acts 
of creation be rejected and the process of natural development be 
established in its place, there is still the first appearances of organisms 
to be accounted for, and especially the definite course which the 
evolution of the complicated and more highly developed organisms 
has taken has to be explained. In the many wonderful phenomena 
of the organie world, amongst others in the origin of Man in the 
diluvial or tertiary period, we have a riddle the solution of which 
must remain for future investigators. 
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CHAPTER VL 
PROTOZOA. 


Animals of simple constitution and small size ; without tissues com- 
posed of definite cells. Sexual reproduction by means of ova and 
spermatozoa unknown. 

From a morphological point of view the Protozoa have remained 
at the stage of cells, in the protoplasm of which one or more nuclei 
may be present. The phenomena of segmentation of the egg and 
formation of the germinal layers are therefore absent from their 
development. The body is always composed of a contractile granular 
substance, filled with vacuoles; it may also contain a pulsating vacuole, 
and present the phenomenon of granule currents. The pulsating 
vacuole consists of a space without walls filled with a clear fluid. 
This space apparently diminishes and disappears through the contrac- 
tion of the surrounding plasma, and then re-appears. 

There exists, however, in the varying differentiations in the 
interior of the sarcode body, and in the differences in the external 
boundary, and in the manner of nourishment, a number of modi- 
fications which we shall use for the foundation of groups. In the 
simplest cases, the entire body consists of a small Jump of sarcode, 
the contractility of which is confined by no firm external membrane. 
This lump of sarcode is sometimes semi-fluid, and protrudes and 
vetracts processes. It is sometimes of tougher consistence in parts, 
and protrudes hair-like rays and threads (Rhizopoda). Nourishment 
takes place through the intussusception of extraneous bodies, which 
can be surrounded and enclosed by the protoplasmie substance at any 
portion whatsoever of the periphery of the body. Im other cases the 
body which sends out slender processes (pseudopodia) secretes 
silieious or ealcareous needles, lattice-work shells, or shells perforated 
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by holes, to shelter and protect the body (Foraminifera, Radiolaria). 
In the /nfusoria the sarcode body is bounded by an external mem- 
brane, and is capable of quick and varied locomotion by means of the 
movements of the cilia, hairs, bristles, ete., which it possesses. The 
solid nourishing matter is taken in through a mouth, and the 
remainder, after digestion, passes out through an anal aperture. 


CLASS L.—RHIZOPODA.* 


Protozoa without external investing membrane, the parenchyma of 
which protrudes and retracts processes ; as a rule, a calcareous shell or 
silicious skeleton is secreted. 

The body-substance of these animals, the shells of which were 


described as Foraminifera or Polythalamia, long before their living 
contents were 


known, consists 
of sarcode, and 
is without any 
boundary mem- 
brane. 

The body- 
substance, 
which is richly 
granulated and 
contains pig- 
ment, contracts 
slowly and 
sends out atthe 
same time fine 
thread-likerays \ 
(fig. 120), for Fıs. 120.—Optical section through portion of the sarcode body of 





the most part inthe endosarc, from which the vacuolated ectosarc is clearly dis- 

of a semi-fluid tinguishable. In the centre of the pseudopodia the axial thread is 
Ri visible. 

consistency i 

(pseudopodia); and these serve not only as a means of movement but 


also for the reception of nourishment. The pseudopodia may, how- 


* Dujardin, “Observations sur les Rhizopodes” (Comptes rendus, 1835). 
Ehrenberg, “ Uber noch jetzt zahlreich lebende Thierarten der Kreidebildung 
und den Organismus der Polythalamien” (Abhandlung der Akad. zu Berlin, 
1839). Max Sigm. Schultze, “Uber den Organismus der Polythalamien 
(Leipzig, 1854). Joh. Müller, “ Uber die Thalassicolen, Polycystinen und Acan- 
thometren” (1858). E. Haeckel, “Die Radiolarien” (Eine Monographie. 
Berlin, 1862). 
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ever, be broad, lobed, or finger-like processes by means of which a 
. quick and flowing motion can be imparted to the body mass. A 
tougher, clear homogeneous external layer (Exoplasm) is usually to 
be distinguished as the peripheral boundary from a more fluid and 
more granular internal mass (Zndoplasm). During motion the 
former is projeeted in processes into which the granules of the latter 
stream more or less quickly. 

In the stiffer pseudopodia streams of granules are observable, slow 
but regular, passing from the base to the extremity and vice versä. 
The explanation of these movements is to be sought in the contractility 
of the surrounding portions of sarcode (fig. 120). 

A pulsating space, the contractile vacuole, is not unfregently to be 
found in the sarcode, e.g., Diflugia, Actinophrys, Arcella (fig. 121). 
Nuclei are also usually present in the sarcode, by which the morpho- 
logical value of the Rhizopod body as cell or as cell aggregate is 
placed beyond all doubt. There are 
also forms in the protoplasm of 
which no trace of a cell nucleus has 
been found. In such either the 
protoplasm of the nucleus is not yet 
differentiated as a separate structure 
(the Monera of E. Haeekel), or we 
have to do with a transient, non- 
nucleated stage in the life-history. 

The sarcode usually secretes sili- 
cious or calcareous structures, either 
as fine spicula and hollow spines 
which are directed from the centre 

to the periphery in regular order 
Kun male Deere A and mumber, or as lattioe-work 
cleus, Pv. pulsating vacusle. chambers (Radiolaria), which often 
bear points and spines, or finally 
as single and many chambered shells with finely perforated walls 
(Foraminifera) and one larger opening. Through this last (fig. 
123), as well as through the countless pores of the small shells (fig. 
122), the slender threads of sarcode pass out to the exterior as 
pseudopodia, changing without intermission in form, size, and 
number, and often joining themselves together in delicate networks 
(figs. 122, 123). 

The pseudopodia, by their slow, ereeping movements, afford a means 

of locomotion, while they also serve for the taking up of nourishment 
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by surrounding and transporting into the interior of the body small 
vegetable organisms as Bacillaria. Among the shell-bearing forms, 
the reception and digestion of food takes place outside the shell in 
the peripheral threads and networks of sarcode ; for each spot on the 
surface can for the time being assume the functions of mouth, and 





FıG. 122.— Rotalia veneta (after M. Schultze), with a Diatonmı taken in the network of 
Pseudopodia, 


also of anus, by rejecting the undigested remnants. The Rhizopoda 
live for the most part in the sea, and contribute by the accumulation 
of their shells to the formation of the sea sand, and even to the 
deposition of thick strata. An innumerable quantity of fossil forms 
from various and very ancient formations are known. 


154 PROTOZOA. 


Order 1.—FORAMINIFERA.* 


Rhizopoda, either naked or with a shell, the shell almost invariahly 
calcareous and usually pierced with fine pores for the exit of the 
pseudopodia. 

Only in rare cases, for instance Nonionina and Polymorphina, is 
the shell substance of a silicious nature; in all other forms it is 





Fı@. 123.—Miliola tenera, with network of pseudopodia (after M. Schultze). 


membranous or consists of a calcareous deposit in a basis of organie 
matter. The shell is either a simple chamber, usually provided with 
a large opening, or is many chambered, that is, is composed of 
numerous chambers arranged upon one another according to definite 
laws. The spaces of these chambers communicate by means of narrow 

* Besides D’Orbigny, Max Schultze, 1. c..compare W. C. Williamson, “ On the 
recent Foraminifera of Great Britain,” London, 1858. Carpenter, “ Introduc- 


tion to the Study of the Foraminifera,” London, 1862. Reuss, “Entwurf einer 
system, Zusammenstellung der Foraminiferen,” Wien, 1861. 
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passages and large openings in the partition walls. In like manner 
those portions of the living sarcode body which are enclosed in the 
individual chambers are in direct communication with one another 
by means of processes which pass through the passages and openings 
in the septa, and connect one portion with another. The quality of 
the body-substance, the mode of movement and nourishment, agree 
closely with those which have been depicted as characteristice of the 
order. Our knowledge of the mode of reproduction is imperfect. 
Amongst the forms without a shell, fission has been observed as well 
as fusion, which may perhaps be referred to a species of sexual 
reproduction (conjugation). The reproduction of shell-bearing 
Foraminifera such as Miliola and Rotalia has also been observed. 
The former produces from the protoplasm of its body single 
chambered, the latter three-chambered, young. Probably this mode 
of reproduction is preceded by an increase in the number of nuclei, 
and the animal divides into as many portions as there are nuclei, 
each of which becomes a young Foraminifer, and contains but one 
nucleus. 

In spite of their small size, the shells of our simple organisms may 
lay claim to no small consequence, since they not only accumulate in 
enormous quantity in the sea sand (M. Schultze calculated their 
number for an ounce of sea sand from Molo di Ga&ta at about one anda 
half millions), but are also found as fossils in different formations (the 
cretaceous and tertiary), and have yielded an essential material to the 
construction of rocks. Silicious nodules of Polythalamia are even 
found in Silurian deposits. The most remarkable, on account of 
their considerable size, are the Nummulites (fig. 124) in the thick 
formation of the so-called Nummulite limeston. (Pyrenees). A coarse 
chalk of the Paris basin, which makes au: cxcellent building stone, 
contains the Triloculina trigonula (Miliolite chalk). 

The greater number of Foraminifera are marine, and move by 
creeping on the bottom of the sea, but Globigerina and Orbulina have 
been met with on thesurface. T'he bottom of the sea at very consider- 
able depths is also covered with a rich abundance of forms, especially 
with Globigerina, the remains of the shells of which give rise to an 
enduring deposit. 

l. Sub-order: Lobosa (Amebiformes), —Ameba-like fresh-water 
Rhizopoda, usually with pulsating vacuole, sometimes naked, some- 
times with a single-chambered firm shell. The sarcode body consists 
as a rule of a tougher exoplasm and a fluid granular endoplasm. 
The pseudopodia are lobed or finger-shaped processes of considerable 
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size, occasionally tougher slender processes without granule streams 
(figs. 125 and 126). 


Ameba princeps Ehrbg., A. terricola Greef., Petalopus diflugiens Clap. 
Lachm. Here should also be placed the famous Bathybius Haeckeli Huzl., 
which is found in the’deep sea mud of the Atlantic Ocean, if it is indeed a 
living organism (and not simply a deposit of Gypsum). 

Arcella vulgaris Ehrbg., Diflugia proteiformis Ehrbg., Buglypha globosa 
Cart. have shells and tough, pointed, dichotomously branching pseudopodia 
(ig. 125). 





Fıs. 124. —Nummulitic Limestone, with 
horizontal section of N, distans (after 
Zittell). 





Fıs. 126. — Diflugia 
oblonga (after Stein). 





Fıs. 125. — Euglypha globosa Fıs. 127. — Acervulina globosa 
(after Hertwig and Lesser). (after M. Schultze). 


2. Sub-order : Reticularia (7halamophora). Principally marine 
Rhizopods with extremely slender anastomosing pseudopodia, with 
granule streams in the latter, rarely naked (Protogenes, Lieber- 
kühmia), usually with membranous or calcareous shell, which is 
single-chambered (Monothalamia) or many-chambered (Polythalamia) 
(fig. 127). 
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1. Imperforata. With membranous or calcareous shell, which is without fine 
pores, but possesses, in one place, an opening, either simple or sieve-like, through 
which the pseudopodia project. To these belong the @romid@, with a mem- 
branous chitinous shell: G@romia oviformis Duj., and Miliolide, with a 
porcellanous shell : Cornuspira planorbis M. Sch., Miliola eyelostoma M. Sch., 
from the Miliolite chalk. 

2. Perforata. The shell, which is usually calcareous, is invariably pierced with 
innumerable fine pores as well as by one larger opening, and has complicated 
passages in the partition walls of its chambers. 

The Zagenid@ have a hard shell, with a large opening surrounded by a 
toothed lip : Zagena vulgaris Williamson. 

The @lobigerinide on the contrary have a hyaline shell pierced by large 
pores, and a simple slit-like open- 
ing : Orbulina universa D’Orb., 
Globigerina bulloides D’Orb., 
Rotalia D’Orb., Testularia 
D’Orb. 

The greatest size is attained 
by the Nummulinide, which 
possess a firm shell and an in- 
ternal skeleton, which last is 
pierced by a complicated canal 
system : Polystomella Lam., 
Nummulina D’Orb. 


Order 2 —HEL10Z04A.* 


Fresh-water Rhizopods 
usually with pulsating vacu- 
ole, and one or more mauclei. 
A radial silicious skeleton 
sometimes present. 

The sarcode body sends 
out in all direetions tough 
radiating pseudopodia (fig. 
128). When a skeleton is pi. 128.— Young Aetinospherium, stiH with a 
secreted, it consists either of single nucleus (after F. E. Schultze). N, Nucleus. 
radially arranged silicious 
spines (Acanthocystis) or of latticed silicious shells (Olathrulina), 
and so closely resembles the skeleton of the Radiolaria that the 
Heliozoa have been actually described as fresh-water Radiolaria. 

They differ from the Radiolaria in the absence of the complicated 





* I, Cienkowski, “ Ueber Olathrulina.” Archiv. fur mihrosk. Anatomie, 
Tom IIL, 1867. R. Greeff, “Ueber Radiolarien und radiolarienähnliche 
Rhizopoden des süssen Wassers.” Tom V. & XI. R. Hertwig und Lesser, 
“Uber Rhizopoden und denselben nahe stehende Organismen.” Suppl. Tom 
X., 1874. Also Archer and F. E. Schultze, etc. 
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differentiations of the sarcode, particularly of the central capsule. 
One or more nuclei may be present in the central mass. An im- 
portant distinguishing mark is afforded by the presence of the 
pulsating vacuoles, which have not been observed in any marine 
Radiolarian. 

The reproduction very frequently takes place by fission, occasionally 





Fı@.129.—Thalassicolla pelagica, with central capsule and single largenucleus, also numerous 
alveoli in the protoplasm (after E. Haeckel). 


after previous conjugation of one or more individuals, also during 
encystment. Multiplication by spores has also been observed 
(Clathrulina). 


In the Aetinophryide there is no skeleton secreted: Actinospherium 
Bichhornii Ehrbg. The central matter contains numerous nuclei. Actinophrys 
sol Ehrbg. of small size, with a single central nucleus, 

In the Acanthoeystid@ slender silicious spikes are found : Acanthoeystis 
spinifera Greeff. with silicious spikes and needles. 

In Clathrulina there is a latticed silicious shell, and the body hasa stalk 
Clathrulina elegans Cienk. 
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Order 3.—-RADIOLARIA.* 


Marine Rhizopoda with complicated differentiation of the sarcode 
body, with central capsule and radial silicious skeleton. 

The sarcode body contains a membranous porous capsule (the 
central capsule), in which is contained a tough slimy protoplasm 
with vacuoles and granules (intracapsular sarcode), fat and oil 
globules, and albuminous bodies, and more rarely crystals and con- 
cretions. The intracapsular mass contains also a single large nucleus 
or several small nuclei. The sarcode which surrounds the capsule 
and which emits on all sides simple or anastomosing pseudopodia, 
contains numerous yellow cells, sometimes pigment masses; and in 
some cases delicate trans- 
parent vesicles, or alveoli, 
are found intheperipheral 
layer between the radia- 
ting pseudopodia (T’halas- 
sicolla pelagica, fig. 129). 

Many Radiolaria form 
colonies, and are composed 
of numerous individuals. 
In such colonies the al- 
veoli are placed in the 
common protoplasm, 
which contains in itself, 
not as in the monozoie 
Radiolaria a single cen- 
tral capsule, but anumber pre. 130.—Acanthometra Mülleri (after E. Haeckeı). 
of capsules. Only a few 
species remain naked and without firm deposits; as a rule, the soft 
body possesses a silicious skeleton, which either lies entirely outside 
the central capsule (Eetolithia) or is partially within it (Entolithia). 
In the most simple cases the skeleton consists of small, simple, or 
toothed silieious needles (spieula) united together, which sometimes 
give rise to a fine sponge work round the periphery of the proto- 
plasm, e.g., Physematium. In a higher grade we find stronger hollow 
silieious spieules, which radiate from the middle point of the body 
to the periphery in regular number and order, e.g., Acanthometra 





* Joh. Miller, “ Ueber die Thalassicollen, Polycystinen und Acanthometren,” 
Abh. der Berl. Akad.1858. E. Haeckel, “ Die Radiolarien,” Eine Monographie 
Berlin, 1862. 
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(fig. 130). A fine peripheral framework of spicules may be added to 
these. In other cases simple or compound lattice-works, and pierced 
shells of various external form (like helmets, bird-cages, shells, ete.) 
are found, and on the periphery of these, spicules and needles, and 
even external concentrie shells of similar shape may be formed, 
e.g., Polycystina (figs. 131 and 132). 

Up to the present time but little has been made out about the 
reproduction of these animals. Besides fission (Polycyttaria), the 
formation of spores has been observed. These are formed from the 
contents of the central capsule, and, after the bursting of the latter, 
become free-swimming mastigopods. Radiolaria are inhabitants of 

the sea, and swim at the 

surface, but are also 
able to sink to deeper 
_ levels. 

Fossil remains of Ra- 
diolaria have been made 
known in great numbers 
by Ehrenberg, e.g. from 
the chalky marl and 
polishing slate found at 
certain parts of the coast 
of the Mediterranean 
(Caltanisetta in Sicily, 
Zante and gina in 
Greece), and in particu- 
lar from the rocks of 
Barbados and Nikobar, 
where the Radiolaria 
have given rise to widely 

extended rock formations. Samples of sand also from very con- 
siderable depths have shown themselves rich in Radiolarian 


shells. 





Fıg. 131.—Heliosphera echinoides (after E. Haeckel). 


I. Radiolaria monozoa. Radiolaria which remain solitary. 

1. Fam. Thalassicollide. Skeleton absent or consisting of single spicules 
not joined together. Thalassicolla (without skeleton) nueleata Huxl., Physe- 
matium Mülleri Schn. 

2. Fam. Polyceystinide. The skeleton consists of a simple or divided Jatticed 
shell, the long axis of which is bounded by two poles of different structure. 
Heliosphera. Bueyrtidium galea E. Haeck. 

3, Fam. Acanthometride, The skeleton consists of several radial spicules 
which pass through the central capsule and unite in its centre, without forming 
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a latticed shell. The extra-capsular cells [yellow bodies] are wanting. Acantho- 
metra pellueida Joh. Müll. 

II. Polyeyttaria. Radiolaria which form colonies with several central capsules- 
Amongst the Spherozoa a skeleton is wanting or consists of single pieces not 
joined together. Collozoum inerme E. Haeck. Spherozoum punctatum Joh. 
Müll. In Collosphera the skeleton consists of simple latticed spheres, each of 
which encloses a central capsule, Collosphera Huzxleyi Joh. Müll. 
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Fıs. 132 —Eueyrtidium eranoides (after E. Hacckel). 


CLASS II.—INFUSORIA.* 


Protozoa with a defimite form amd provided with an external 
membrane, bearing either flagella or cilia. Mouth and umus usually, 
contractile vacuole and one or more nuclei always present. 

Infusoria were discovered towards the end of the 17th century 


* Ehrenberg, “ Die Infusionsthierchen als vollkommene Organismen,” 1838. 
Balbiani, “Etudes sur la Reproduction des Protozoaires,” Journ. de la Phys.. 
Tom. III. Balbiani, “Recherches sur les phönom£nes sexuels des Infusoires,” 
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in a vessel of stagnant water by A. von Leeuwenhoek, who made 
use of a magnifying glass for the examination of small organisme. 
The name Infusoria, which was at first used to denote all animaleuls 
which appear in infusions and are only visible with the aid of a 
mieroscope, was first brought into use by Ledermüller and Wrisberg 
in the last century. Later on the Danish naturalist O. Fr. Müller 
made valuable additions to our knowledge of Infusoria. He observed 
their conjugation and their reproduction by fission and gemmation, 
and wrote the first systematie work on the subject. ©. Fr. Müller 
included a much larger number of forms than we do now-a-days, 
for he placed among the Infusoria all invertebrate water animal- 
culee without jointed organs of locomotion and of microscopical 
size. 

The knowledge of Infusoria received a new impulse from the 
comprehensive researches of Ehrenberg. The principal work of this 
investigator, ‘““ Die Infusionsthierchen als vollkommene Organismen,” 
discovered a kingdom of organisms hardly thought of. These were 
observed and portrayed under the highest microscopie powers. Many 
of Ehrenberg’s drawings may even yet be taken as patterns, and are 
hardly surpassed by later representations, but the significance of the 
facts observed has been essentially corrected by more recent investi- 
gations. Ehrenberg also conceded too great an extent to the group 
of Infusoria, including not only thelowest plantssuch as Diatomacee, 
Desmidiacee, under the name of Polygastrica amentera, but also the 
much more highly organised Rotifera. As he chose the organization 
of the last-named for the basis of his explanations, he was led into 
numerous errors. Ehrenberg ascribed to the Infusoria mouth and 
anus, stomach and intestines, testis and ovary, kidneys, sense-organs, 
anda vascular system, without being able 'to give reliable proofs of 
the nature of these organs. There very soon came a reaction in the 
way of regarding the Infusorian structure; for the discoverer of the 
Rhizopoda, Dujardin, as well as von Siebold and Kölliker (the latter 
taking into consideration the so-called Nucleus and Nucleolus), referred 
the Infusorian body to the simple cell. In the subsequent works of 
Stein, Claparede, Lachmann, and Balbiani numerous differentiations 
were certainly shown to exist, which, however, can all be referred 
to differentiation of the body of the cell. This view is supported by 
Journ. de la Phys., Tom. IV.. Claparede und Lachmann, “ Etudes sur les 
Infusoires et les Rhizopodes,” 2 vol. Göneve, 1858—1861. E. Haeckel, “ Zur 
Morphologie der Infusorien” Jen Zeitschrift, Tom. VII, 1873. 0. Bütschli, 


“Studien über die ersten Entwickelungsvorgänge des Eizelle, die Zelltheilung 
und die Conjugation des Infusorien,” Frankfurt, 1876. 
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the more recent work of Bütschli, who has shown that the repro- 
duction of these animals is essentially similar to that of the cell. 

The outer boundary of the body is usually formed by a euticle, a 
delicate, transparent membrane, the surface of which is beset with 
vibratile and moving appendages of various kinds arranged in regular 
order. In the smallest Infusoria, the Flagellatu, we find only one 
or two long whip-like cilia; while the more highly differentiated 
Ciliata are usually richly provided with cilia. According to the 
varying thickness of the external membrane, which cannot in all 
cases be isolated, and according to the different condition of the 
peripheral parenchyma of the body, we get forms which change 
their shape, forms which have a fixed shape and armoured forms. 
If the simply organized Flagellata, which present ‘'numerous 
affinities and transitional forms to the Alg® and Fungi, are not 
entirely removed from the region of the Infusoria, the two principal 
groups to be distinguished are the Oiliata and Flagellata. 


Order 1.—FLAGELLATA.* 


Infusoria of small size, characterised by possessing one or more long 
whip-like cilia, usually placed at one end of the oval body. A row of 
cilia sometimes and a nucleus always present. 

The Flagellata are Infusoria the locomotive organs of which 
consist of one or more whip-like cilia, rarely with an accessory row 
of cilia. They pass through an inactive stage, and in their develop- 
ment as well as in their mode of nourishment are allied to certain 
Fungi. 

Thereasons for regarding the Flagellata as Protozoa are—the perfect 
contractility of the body, which is not surpassed by Myxomycetes 
in the mastigopod stage; also the contractility of the cilia, the 
apparently purposed and voluntary movements, the occurrence of 
contractile vacuoles, and, as has been established in many cases, the 
reception of solid substances into the body through an opening 
at the base of the flagellum. Nevertheless these phenomena are by 
no means a test of animal organization. 

The Monadin® are a large group of Flagellata, found for the 
most part in putrefying infusions, and are hard to distinguish from 
the monads usually regarded as fungi. They reproduce themselves by 

* Besides Ehrenberg, Claparede, and Lachmann, loc. eit., compare Stein, 
“ Organismus der Infusionsthiere,” Tom. III., 1878. Bütschli. “ Beiträge zur 
Kenntniss der Flagellaten,” Zeitschr. für Wiss. Zool., Tom. XXX. Dallinger 
and Drysdale, “Researches on the Life-history of the Monads,’” Monthly 
Mieroscop,. Journal, Tom. X.—XIL. 
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transverse fission, and also by spore formation in an enceysted eondition ; 
the latter method seems in many forms to be preceded by conju- 
gation. The best known species are Cercomonas Duj. and Trichomonas 
Donng, of which the first is characterised by the possession of a eaudal 
filament, while Trichomonas has an undulating row of cilia close to 
the flagella, which are usually two in number (fig. 133). They live 
principally in the intestines of Vertebrates, but are also found in 
Invertebrates. (ercomonas intestinalis Lambl. and Trichomonas 
vaginalis Donneg, are found in Man. 
The Monads,* which cannot be sharply separated from the 
Monadine, are simple cells free from chlorophyll, the swarım spores of 
which usually pass into an amaboid stage, and after receiving nourish- 
ment enter upon a motionless stage characterised by the possession 
of a firm cell-membrane. A number of them (Monas, Pseudospora, 
Colpodella), the so-called Zoospores, are mastigopods resembling the 
mastigopods (swarm spores) of Myxo- 


el mycetes, and, with the exception of 


Colpodella, grow up to creeping Ame@b» 


- which protrude pointed pseudopodia. 
en — In this stage they may also be simply 
regarded as small plasmodia, especially 


when, asin Monas amyli, several masti- 

Fıs. 133.—a, Cercomonas intestinalis. gopods fuse together to forın the amaba. 

ar vaginalis (after R. 'T’hey then take—in Colpodella without 

; first entering theamaba stage—a globu- 

lar form, their surface develops a membrane, and in this eyst they 

break up by division of protoplasm into a number of segments which 

pass out as swarm spores and repeat the course of development 
(Colpodella pugnax to Chlamydomonas, Pseudospora volvocis). 

Other Monads, the so-called Tetraplasta (Vampyrella, Nuclearia)), 
do not pass through the mastigopod (swarm spore) stage. Their pro- 
toplasm during the inactive encysted stage gives rise by division into 
two or four, to the same number of Actinophrys-like Amab», of 
which some, like Colpodella, suck their nourishment from alga cells 
(Spirogyra, Oedogonin Diatomacea, ete.), and some envelope ex- 
traneous bodies. 

In mode of nourishment and locomotion the monads are allied to 
the Rhizopods, but also to lower fungus forms like Chytridium. 


* L. Cienkowski, “ Beiträge zur Kentniss der Monaden,” Archiv für 
Microsk. Anatomie, Tom. I., 1865. L, Cienkowski, “Uber Palmellaceen und. 
einige Flagellaten,” Tom. VL, 1870. 
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In their whole developmental eycle they agree very closely with uni- 
cellular alge and fungi; still the analogy to the developmental 
processes of many Infusoria, Amphileptus, is not to be passed over. 
Spumella vulgaris (termo Ehrbg.) of Cienkowski shows a somewhat 
different development and eyst formation ; it receives solid food (by 
aid of the food vacuoles) and is fixed by a fibre, as also Ohromulina 
nebulosa Cnk., and Ochracea Ehrbg. 

A second group nearly allied to the Algse (Protococcacea) is that of 
the Volvocinide. These organisms consist of colonies of cells united 
by a common gelatinous substance, and the following characteristics 
indicate their close relationship to the Alge:—(1) in the inactive 
stage they possess a cellulose membrane ; (2) they exhale oxygen; 
(3) they possess an abundance of chlorophyll and of vegetable red or 
brown coloured oils. 





FıG. 134.—Euglena viridis. a and b,free swimming, in different states of contraction. c,d,®, 
encysted and in process of division, 


During the motile stage they possess the power of reproduction, 
since the individual cells give rise to daughter colonies inside the 
mother colony. A sexual reproduction (conjugation) has also been 
shown. Certain of the mother cells increase in size and divide into 
numerous mierogonidia corresponding to spermatozoa ; others grow 
to large ovicells, which are impregnated by the former, and then 
surround themselves with a capsule, and sink to the ground as large 
star-shaped cells. They also reproduce themselves during their 
period of inactivity by fission within the cellulose capsule, while at 
the same time a change of colour takes place. Amongst the best 
known of the Volvocina are Volvow globator, Gonium pectorale, Ste- 
phanosphera phwialis. 

The Astasiade are contractile unicellular Flagellata, which are 
allied to the Volvoeinide in their life phenomena, but they take up 
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solid nutriment. The best known genus is Zuglena, which, according 
to Stein, has a mouth and gullet. 

In their inactive stage they secrete a capsule and divide up into 
parts which pass out as mastigopods. Huglena viridis (fig. 134), E. 
samguinolenta. Another genus, also with a mouth, is Astasia Ehrbg. 
A. trichophora Ehrbg., with rounded posterior end, a very long flagel- 
lum, and an abruptly terminated anterior end. 

The genera Salpingoeca and Codosiga described by Clark were 
included by Bütschli under the name C'ylicomastiges, on the ground 
that they possess a well-marked collar surrounding the basis of the 
flagellum, and corresponding to the collar on the entoderm cells of 
the Sponges (hence Clark regarded the Sponges as most nearly 
related to the Flagellata); Codosiga Botrytis Ehrbg, forming 
colonies, possessing food vacuoles 
which contain the solid bodiestaken 
up as nutriment, with nucleus and 
contractile vacuole. 

Salpingoeca Clarkii Bütsch. (the 
individuals of this species possess a 
shell). 

Another group, the Cilioflagel- 
lata,* is characterised by the posses- 
sion of a row of cilia, situated in a 
furrow of the hard cuticular exo- 

rast onrahun en (atter skeleton (fig. 135), in addition to 
Nitzsch). the flagellum. The Peridinie, some 
of which are of peculiar appearance, 
with large horned processes of the shell, belong to the group, and are 
allied, so far as their development is known, most nearly to the 
Euglene. The mouth lies in a depression ; there is sometimes a 
kind of gullet, at the end of which the nourishing materials pass 
into a vacuole. In addition to the locomotive and armoured forms, 
there are also some without shell or organs of locomotion ; and again 
there are encysted stages in the interior of which a number of small 
young forms are said to take their origin (Ceratium cornutum Perhg., 
Peridinium tabulatum Ehrbeg). 
Finally Noctiluca 7 is included in this group. It isan inhabitant 





* RS. Bergh, “ Der Organismus der Cilioflagellaten,” Morph. Jahrb. Tom. 
VIR 

L. Cienkowski, “ Ueber Noetiluea miliaris,” Archiv, fur mierosk. Ana- 
tomie, 1871 and 1872. 
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of the sea, and possesses a peach shaped body which is surrounded by 
a cuticular envelope, and bears a tentacle-like appendage. A furrow- 
like invagination is situate at the base of this appendage, at one 
end of which is the mouth close to a tooth-like prominence and a 
slender vibratile flagellum. The soft body consists of a central mass 
of contractile protoplasm, connected by fine and anastomosing threads 
with a layer of the same substance which lines the euticular envelope 
of the body. In thecentral protoplasm lies a clear body, the nucleus; 
and the spaces between the radiating processes, which exhibit the 
phenomena of granule currents, are filled with fluid. The contractile 
substance extends into the appendage, and there assumes a cross- 
striped appearance (fig. 136). 





FıG. 136.—Noctiluca miliaris (partly after Cienkowski). N, Nu- 
cleus. a, Single animal, , conjugation of two individuals, 
ce and d, swarm spores. 


The reproduction takes place by means of fission (Brightwell), pre- 
veded by division of the nucleus ; or by spore formation (Zoospores). 
In the latter case, the flagellum is absorbed or thrown off, and the 
Noctiluca assumes a spheroidal shape. After the disappearance of 
the nucleus, the sarcode contents accumulate on the inner side of 
one region of the cuticle, divide into from two to four masses which 
are not sharply separated from one another, and the euticular envelope 
is thrust out into a corresponding number of protuberances. These 
buds increase and form numerous wart-like prominences, the future 
spores. They arise, therefore, at the expense of the protoplasmie 
eontents of the disc, which is gradually exhausted in their for- 
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mation. The buds separate themselves from the membrane and 
become free as small spores, with nucleus and eylindrical appendage, 
to assume the Noctiluca form under circumstances which have as 
yet not been closely observed. According to Cienkowski, conjugation 
may take place between normal forms as well as between encysted 
forms. 

The Noctiluca owe their name to their power of producing light, 
—a power which they share with numerous sea animals, such as 
Medus&, Pyrosoma, ete. The light proceeds 
from the peripheral layer of protoplasm. 
Under certain conditions they rise from the 
deep to the surface of the sea in such enor- 
mous numbers as to cause wide tracts of the 
sea to give out a reddish light. It is after 
sunset, and especially in the evening, when 
the sky is overcast, that we get the beautiful 
phenomenon of the phosphorescent sea. 

The species distributed in the North Sea 
and in the Atlantie Ocean is Noctiluca 
miliaris. Nearly allied is the Mediterranean 
Leptodiscus medusoides R. Hertwig. 


Order 2.—CILIATA.* 


Oiliated Infusoria with mouth and amus, 
sarcode body of complicated structure (with 
endoplasm and exoplasm), with nucleus and 
paramucleus (nucleolus). 

Fra. 137.Stylongehia mytilu ne locomotive euticular appendages that 
(after Stein), (seen from we most frequently meet with are slender 
entral side). Wz, Adoral _.ı: e 
ee air c, eontractite Cilia, which often cover the whole surface of 
vacuole; N, nucleus; N‘, the body in close rows, and give it a striped 
paranucleus; A, anus. ars . 

appearance. The cilia are usually stronger in 
the region of the mouth, and are here grouped so as to form an 
adoral zone of large eilia, which, during swimming, causes a whirl- 
pool, and conducts the matter which serves as nourishment into the 
mouth (fig. 137). This adoral zone is more highly developed in 
fixed Infusoria such as the dell animaleule, the surface of which 
has no uniform coating of cilia. In these animals there are 





* Besides Ehrenberg, Claparede, Lachmann, Bütschli, 1. e., compare especially 
Fr. Stein, * Der Organismus der Infusionsthiere.” I, and IL, Leipzig, 1859 and 
1867. 
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one or more rings of large cilia round the edge of a raised lid- 


like flap which is capable of being shut down. 
ferior row of cilia upon this flap running to the 
mouth. The free-swimming Infusoria often 
possess in addition to these delicate eilia and 
zones of cilia, thicker hairs and stiff bristles, 
and more or less bent hooks, which are em- 
ployed in locomotion and for attachment. 
Certain fixed Infusoria as Stentor (fig. 138) 
and Cothurnia secrete external coverings or 
shells, into which they retract themselves, 
Nourishment is taken in in a few cases by 
endosmosis through the whole surface of the 
body, e.g., the parasitie Opalina. The Acineta 
feed themselves by sucking the body of their 
prey. They are without a mouth, and are 
incapable of taking in solid food. But they 
possess a number of long, narrow, contractile 
tentacles, which radiate from the surface of 
their bodies, and have the form of delicate tubes, 
presenting a structureless external wall and a 
semi-fluid granular axis. The Acineta applies 
one or more of these organs to the body of an 
extraneous organism, when the substance of 


There is also an in- 





Fı@. 133.—Stentor Reselii 
Ehrbg. (after Stein). 
O, oral aperture with 
gullet; PP, pulsating 
vacuole; NV, nucleus. 


the latter travels down the interior of the granular axis of the 


tentacle into the body of 
the Acineta (fig. 139). 

By far the greatest num- 
ber of Infusoria possess an 
oral aperture, usually near 
the anterior pole of the 
body, and a second aperture 
which acts as anus, and 
which can be seen in a 
definite part of the body as 
a slit during the exit of the 
excreta. 

' The body parenchyma, 





Fıs. 139. — Aecincta ferruncguinum Thrbg., which is 
sucking the body of a small Infusorian (Enchelys) 


which is bounded by the (after Lachmann). 7, sucking tentacle; P, vacuole ; 


. N, nucleus. 
external membrane, is 


divided into a viscid exoplasm and a more fluid endoplasın, into 
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which a slender «sophagus, rarely supported by firm rods (Chilodon, 
Nassula), often projects (fig. 140). Through this the food stuff 
. passes into the endoplasm, in which it gives rise to food vacuoles. 
The latter undergo a slow rotating movement round the body in 
the endoplasm, which is caused by the contractility of the sarcode, 
During this process the food is digested, and finally the solid, useless 
remainder is ejected through the anal aperture. A digestive canal, 
bounded by distinet walls, exists no more than do the numerous 
stomachs which Ehrenberg, who was deceived by the food vacuoles, 
ascribed to his /nfusoria polygastrica. In all cases where a digestive 
. canal has been described, we have to do with peculiar strings and 
trabecule of the internal parenchyma which enclose spaces filled 
with a clear fluid. 

The more viscid exoplasm is pre-eminently 
to be regarded as the motor and sensory layer 
of the body. In it we find differentiations 
resembling muscles (‚Stentor, the stalk of Vorti- 
cella). Sometimes small rod-shaped bodies are 
present (e.g., Bursaria leucas, Nassula), which 
are comparable to the thread cells of Z’urbellaria 
and ('elenterata. The contractile vacuoles appear 
as further differentiations of the external layer, 
structures which to the number of one or more 

are found in quite definite portions of the body. 
Fıe. 140.—Chilodon eucul- . 
lus (after Stein), with Jhbey are clear, mostly spherical spaces filled 
gullet resembling a with a fluid; they diminish suddenly and then 
fish-basket. N, nucleus 3 = 
withnucleolus;exereta Vanish, but gradually reappear and increase to 
ae out of the +heir original size. These pulsating vacuoles 
are usually connected with one or more vessel- 
like lacun®, which swell considerably during the contraction of 
the vacuole, These structures have been compared to the water 
vascular system of Rotifera and T’urbellaria, and have been explained 
as excretory—an interpretation which has in its favour the fact that 
the contractile vacuoles in certain cases open to the exterior through 
a fine pore at the surface, through which granules pass to the 
exterior. 

The nueleus and nucleolus lie in the exoplasm of the infusorian 
body. The nueleus, which ten years ago was compared to the nucleus 
of the simple cell, is a structure of variable shape but with a definite. 
position in the body. One, or more than one, may be present. It 
is sometimes round or oval, sometimes elongated, being drawn out 
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to the shape of a horse-shoe or a band, and may be broken up into 
a number of fragments. It contains a granular viscid substance. 
is bounded by a delicate membrane, and, ” b j 
according to the erroneous views of Stein 
and Balbiani, gives rise to ova or to germi- 
nal spores. The nuc/eolus or paranucleus 
also varies in form, position, and number 
in different species. It is always much 
smaller than the nucleus, and is strongly 
refractile; it usually lies close to the 
nucleus, or even sunk in a cavity of the „.. ı ie A Teenie 
latter. Both play an important part in (after Stein). b, Aspidisca polysty- 
the reproduction of the Infusoria. Um Ausing Realon Veran), 
The most usual method of reproduction in the Infusoria is by 
fission. When the forms reproduced remain together and connected 
with the parent, a colony of Infusoria is formed, e.g., the stocks of 
Epistylis and Carchesium. Fission usually takes place by a trans- 
verse division (at right angles to the long axis), as in the Oxytrichidee, 








FıG. 142.—Podophrya genmipara (after R. Hertwig). a, witlı extended suction-tubes and pre- 
hensile tentacles, with two contractile vacuoles. 2, the same with ripe buds, in whichı 
processes of the branched nucleus N enter. c, free young form. 


Stentoride, ete., and, obeying definite laws, follows conjugation and 
division on the one hand of the nuclei, and on the other of the 
nucleoli (fig. 141). Less frequently (Vorticell«) the fission takes 
place through the long axis (fig. 143, «, b), and far more rarely in 
a diagonal direction. The asexual reproduction is often preceded 
by eneystment, which appears to be of great importance for the 
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preservation of the Infusoria from desiccation. The animal retraets 
its cilia, contracts its body to a globular mass, and then secretes a 
transparent cyst, which hardens and protects the animal, thus en- 
abling it to survive in damp air. In the water, the contents of the 
cyst divide into a number of parts, which attain freedom by the 
bursting of the cyst, each one becoming a young animal. 

Moreover, many Infusoria (Acinete) produce with participation 
of the nucleus a number of buds asexually, which separate them- 
selves from the walls of the parent body (fig. 142). The broods of 
Sphsrophrya make their way into the interior of other Infusoria, 
as Paramzcium and 
Stylonychia, nourish 
themselves at the cost 
of the enlarged nu- 
cleus, and form em- 
bryos by fission. These 
embryos swarm out, 
and were for a long 
time taken by Stein 
for the embryo broods 
of Stylonychia (fig. 
144, b). 

The process of con- 
jugation observed by 
Leeuwenhoek and O. 
Fr. Müller is very 
general, and is con- 
nected with changes 
of the nucleus and 





Fıs. 143.—Vorticellamierostoma (after Stein). a, In process 
of fission ; N, nucleus ; the mouth apparatus in each por- 
tion is formed afresh, oe, gullet. 2, Fission is completed, nucleolus. These 
the smaller product is set free after the formation of a ı. 
posterior ring of cilia; w, adoral zone of cilia. c, Vorti- changes, which gave 
cella in process of bud-like conjugation; X, the bud-like rise to the erroneous 
individuals attached. 


interpretation of the 
two structures as ovary and testis, are in reality simply preparatory 
to a process of regeneration of the nucleus by parts of the paranu- 
cleus, a process comparable to the phenomena of the fertilization of 
the ovum in sexual reproduction, 

The conjugation of two Infusoria oceurs in very different ways, and 
leads to a more or less complete fusion, which, after regeneration 
of the nucleus, is followed by an increase in the frequeney of fission. 
Paramecium, Stentor, Spirostoma, during conjugation, become con- 


an 
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nected by their ventral surfaces ; other Infusoria with a flat body like 
Oxytrichina, Chilodon, by their sides; while Znchelys, Halteria, 
Coleps, join together 
the anterior extremi- 
ties of their bodies, 
giving the appear- 
ance of transverse 
fission. A lateral 
conjugation also 
takes place not un- 
frequently in Vort- 
cella, Trichodina, etc., 
between individuals 
of unequal size, the 
smaller one having 
the appearance of a 
bud (bud-like conju- 
gation) (fig. 143, c). 
The alterations Fıe. 144.—a, Stylonychia mytilus, in process of conjugation. 


a The nucleus is depicted («uring division (Balbiani’s so- 
which the nucleus called ova); the nucleolihavedivided into four spheres (sup- 


and paranucleus un- posed spermcapsules). 5, Stylonychia filled with parasitic 
Spherophrya (after Balbiani). 





dergo during and 
after conjugation have been especially worked out in Paramecium and 
Stylonychia (fig 144 a, 145). When several nuclei are present they 


a 





Fıg. 145.—Stylonychia mytilus in process of conjugation, slightly magnified, (treated with 
acetic acid), (after Bütschli). a, Stage of conjugation with two nucleoli (paranuclei); N, 
the four pieces into which the nucleus has divided in each individual. b, Stage of conjuga- 
tion with four nucleoli, of these N’ becomes the nucleus, and n’ the two nucleoli; Nb, the 
four remaining pieces of the old nucleus. c, Stylonychia on the sixth day after conjuga- 
tion with nucleus and two nucleoli. 


fuse together to form a single oval body (Balbiani), the substance 
of which takes a finely fibrous structure previous to further fission, 
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like the substance of a true cell nucleus, when undergoing division. 





FıG. 146. — Parameeium Bursaria 
about one hour after conjugation 
(after Bütschli). n, nucleolus; N, 
nucleus; PV, contractile vacuole, 
Two of the nucleoli have become 


clear spheres. 








The paranucleus too increases in size 
and becomes striated, and divides into 
a number of bodies by a single or re- 
peated division. Some of these bodies 
produced by the division of the nucleus 
and paranucleus disappear or are cast 
out, and others are employed in the 
formation of the new nucleus and 
paranucleus. The processes of regene- 
ration are for the most part not com- 
pleted until the. conjugating animals 
have separated. Conjugation is probably 
followed by a repeated division (fig. 146). 

The mode of life of the Infusoria, 
which prineipally inhabit fresh water, 
is very various. Most of them lead an 
independent life, and take up larger 
or smaller bodies, even Rotifera, as 
nourishment. Some, as Amphileptus, 
select fixed Infusoria, as Zpistylis and 


Carchesium, for their prey, and swallow them down as far as the 





Eı@.147.—Balantidium 
coli with two pulsa- 
ting vacuoles (after 
Stein). Under the 
nucleus lies a 
starch-granule that 
has been eaten, a 
ball of exerement is 
passing out of the 
anus at the poste- 
rior end. 


Fam. Colpodide, 


origin of the stalk; they then, while fixed on the 
stalk, secrete a capsule, and divide up into two or 
more individuals, which pass out. Certain Infu- 
soria, as the mouthless Opalina, and many Bursa- 
ride, are parasitic in the intestine and bladder of 
Vertebrates.. To these belongs the Balantidium 
coli from the large intestine of Man (fig. 147). 

1. Sub-order : Holotricha. — Body uniformly 
covered with cilia, which are arranged in longitu- 
dinal rows, and are shorter than the body. Longer 
cilia are sometimes found in the region of the 
mouth, but these do not form an adoral zone. 

Besides the parasitic Opalin® (Opaline ranarum), with- 
out mouth or anus, the following families belong to this 
group :— 

Fam. Trachelide, Body of changeable shape prolonged 
into an anterior neck-like process. Mouth ventral, without 
longer eilia. Zrachelius ovum Ehrbg., Amphileptus Jasei- 
cola Ehrbg. 

Form of body definite. Mouth ventral, in a depression, 
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always furnished with long cilia or undulating membranes, Param@vium 
Aurelia Fr. Müller, P, Bursaria Focke, Colpoda cucullus Ehrbg., Glaueoma 
scintillans Ehrbg. 


2. Sub-order: Heterotricha.—Body uniformly covered with fine 
cilia, which are arranged in longitudinal rows, with a distinet 
adoral zone of cilia. 


Fam. Bursaride. The adoral zone of ciliaison the edge usually of the left 
half of the body. Bursaria truncatella O. Fr. Mull., Balantidium coli 
Malmst., parasitic in the colon of man; Spirostomum ambigwum Ehrbe. 

Fam. Stentoride. At the anterior end of the body is a peristomial space with 
a funnel-shaped depression. without any distinet gullet. Stentor polymorphus, 
©. Fr. Müll., St. ceruleus Ehrbg. 


3. Sub-order : Hypotricha.—Body with sharply defined dorsal and 
ventral surface. The convex dorsal surface is usually naked, the 
ventral covered with cilia and beset with styles and processes, mouth 
on the ventral surface. 


Fam. Oxytrichide. Body elongated to an oval. On the left half of the 
ventral surface isa peristomial region, with an adoralzone of cilia. The ventral 
surface is beset at either edge by a marginal row of cilia, and also with bristles 
and hooks. Stylonychia pustulata Ehrbg., with eight anterior styles, five 
ventral, and five anal cilia,. Oxytrieha gibba O. Fr. Müller. 

Fam. Chilodontide. Body usually armoured, with gullet in the form of a 
fish-basket. Chilodon cueullus Ehrbg. 


4. Sub-order: Peritricha.—Infusoria with eylindrical or bell-shaped 
partially eiliated body. The cilia are placed on an adoral ciliated 
disc, and frequently on a ring-like zone. 


Fam. Vorticellide. Peritricha with adoral spiral of eilia, without a shell, 
attached by a stalk, usually forms colonies. Vorticella microstoma Ehrbg., 
Epistylis plicatilis Ehrbg., Zoothamnium arbuscula Ehrbg., Carchesium 
polypinum Ehrbe. 

Fam, Trichodinide, Peritricha with adoral spiral of cilia, and circle of cilia 
as well asan apparatus for attachmentat the posterior end. Triehodina pedieulus 
Ehrbg. 

Fam. Halteriide. Near the adoral spiral of eilia is an equatorial zone of 
longer cilia. Halteria volvox Clap. Lachm. 


5. Sub-order: Suctoria.—Body usually without cilia, with knobbed 
tentacle-like processes which serve as sucking tubes. 


Fam. Acinetide. Aecineta mystacina Ehrbg., Podophrya eyelopum Olap. 
Lachm., Spharophrya Clap. Lachm, 


% 


As an appendix to the Protozoa we will now proceed to consider the Sehizo- 
myeetid@, which approach more nearly to the Fungi, and the @regarinide. 
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1. The Schizomyeeria@* (Bacteria) are small globular or rod-shaped bodies 
which are found in decaying matter, and are especially numerous on the surface 
of putrefying fluids, where they give rise to a slimy film (fig. 148). They are 
nıost nearly allied to the fungus of yeast, with which they also agree in their 
manner of nourishment, in that they make use of ammonia and organic com- 
pounds containing carbon. Like the yeast fungus they excite and maintain 
the fermentation or, as may happen, putrefaction of organic matter by with- 
drawing its oxygen or by attracting oxygen from the air (reduction or oxyda- 
tion ferments). But they are clearly separated from the fungi by their deve- 
lopment, for they increase by dividing into two halves, while the yeast fungus 
(Saccharomyces, Hormiseium) forms buds which separate off as spores. The 
transverse division takes place, after the cell has become elongated, by a con- 
strietion of the protoplasm and by the secretion of a cross partition wall. The 
dauchter-cells either divide at once, or remain united and produce chains of 
Bacteria (filiform Bacteria) by afresh fission. Sometimes the successive genera- 
tions of cells remain connected by a gelatinous substance, and so produce irre- 
gular shaped gelatinous masses (zoogloea). Sometimes they become free and 
are dispersed in swarms, They may also settle on the bottom in the form of a 





Fıg. 148.—Schizomycetes (after F. Cohn). a, Micrococcus, 5, Bacterium termo, bacteria of 
putrefying fluids, both in the motile and zoogloea form. 


granular precipitate, as soon as the nourishment in the fluid is exhausted, The 
greater number have a motile and a motionless stage; in the first they rotate 
themselves about their long axis, but are also able to bendand extend, but never 
to serpentine, Their activity seems to be connected with the presence of 
oxygen. 

Owing to the absence of sexual reproduction, the division of Bacteria into 
genera and species is beset with such difäculty that we must content ourselves 
with establishing, in an artificial fashion, form species and physiological species 
and varieties without always being able to demonstrate their independence. 
F. Cohn distinguishes four groups :—(1) Globular Bacteria, Microcoeeus 
(Monas and Mycoderma) ; (2) Rod Bacteria (Bacterium); () Filiform 
Bacteria (Baeillus and Vibrio); (4) Spiral Bacteria (Spirillum and 
Spirocheta). 

The Globular Bacteria are the smallest forms, and only exhibit molecular 
movements. They cause various forms of decomposition, but not putrefaction. 


* F, Cohn, “ Beiträge zur Biologie der Pflanzen.” Heft 2and 3, 1872 and 
1875. “Untersuchungen über Bakterien,” 1, 2, and 3 (Bacterium termo). Com- 
pare further the works of Eberth and Klebs, 
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They can only be divided, according to their various methods of development, 
into chromogenous (pigment), zymogenous (fermentation), and pathogenous 
(eontagion) divisions. The first appear in coloured gelatinous masses and 
vegetate in the Zoogloeaform, e.g., M. prodigiosus Ehbrg. in potatoes, etc., 
To the Zymogenous belong M. ure=, urine ferment ; to the Pathogenous 
MW. vacein@, the Pox Bacteria, M. septieus of pyamia, M. diphtherieus of 
diphtheritis. 

The Rod Bacteria form small chains or threads, and exhibit spontaneous 
motions, especially in the presence of abundant nourishment and oxygen. 
Here belongs Bacterium termo Ehrbg. distributed in all animal and vegetable 
infusions and the necessary ferment in putrefaction, just as yeast is in alcohol 
fermentation ;also B. Zineola Ehrbg. of considerable size, which existsin spring 
water and in standing water, in which there are no products of putrefaction, 
and, as well as the former, has a zoogloea jelly. Another Bacterium form acts. 
as ferment of lactie acid, 
according to Hoffmann. 

Of the Filiform Bacteria 
the motile Baeillus (vibrio) 
subtilis Ehrbg. occasions 
butyrie acid fermentation, 
but isalso found in infusions 
together with 2. termo. 
Very nearly allied and 
hardly to be distinguished 
is the motionless Baeillus 
anthracis of inflammation 
ofthespleen. Vibriorugula 
and serpens are charac- 
terised by constant undula- 
tions of the chain. Finally 
these lead to the spiral 
forms of which Spiroeheta 
resembles a long and flexi- 
ble but closely wound, and 
Spirillum, a thick, short, 
and coarse screw. Spiril- 
lum tenaz, undula, volutans, 
the last with a flagellum at 

















FıG. 149.—Gregarina (after Stein and Kölliker). a, Sty- 
lorhynchus oligacanthus out of the intestine ofOallopteryx. 
b, Gregarina (Clepsidrina) polymorpha from intestine of 


each end. the meal beetle, during conjugation. c, The same in 
2. The @regarinide * are process of encystment. d, Encysted Gregarina. e, 
unicellular organisms which Stage of formation of Pseudonavicell®. f, Pseudo- 


} 2 F navicellacyst with ripe Pseudonavicellx. 
live as parasites in the ? i 


intestine, and in the internal organs of the lower animals. Ihe body is fre- 
quently elongated like that of a worm, and consists of a granular viscid central 
mass surrounded by a delicate external membrane (sometimes with asubeuticular 
layer of muscle stripes). The nucleus, a round or oval clear body, is embedded in 

* N. Lieberkühn, “ Evolution des Gregarines,” Mem cour. de ’ Acad. de Belg. 
1855. N. Lieberkühn, “ Beitrag zur Kenntniss der Gregarinen.” A reh. für 
Anat. und Phyysiol., 1865. E van Beneden, “ Recherches sur l’&volution des 
Gregarines.” Bulletin de V’ Acad. voy. de Belgique, 2 Ser. xxxi., 1871. Aime 
Schneider, “ Contributions ä l’histoire des Gregarines des Invertebres de Paris 
et de Roscofl.” Arch. de Zvol. Easperiment., Tom IV., 1875. 
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the central mass. The structure of the body may be complicated by the pre- 
sence of a partition wall which parts off the anterior end from the main mass 
of the body. T'he anterior portion of the body gets in this way the appearance 
of a head, upon which there may be formed here and there prominences in 
the form of hooks and processes for the purpose of attachment. Nourishment 
is effiected by endosmosis, through the external walls. Motion is confined to 
slow gliding forward of the feebly contractile body. 

In their full-grown state the Gregarina are frequently seen fastened to one 
another, two or more together. This connected state precedes reproduction 
(fig. 149). The two individuals lying with their long axes in the same straisht 
line contract and surround themselves with a common cyst, and after undergoing 
a process resembling segmentation, 
divide into a number of small spore- 
like balls, which become spindle- 
shaped bodies (pseudonavicelle). 
The cyst secreted round the conju- 
gating individuals, or, as is often the 
case, round a single individual, be- 
comes a pseudonavicella cyst, and by 
its bursting the spindle-shaped bodies 
reach the exterior. The contents of 
each Pseudonavicella sometimes gives 
rise to a small amceboid body, as may 
be inferred from Lieberkühn’s obser- 
vations on the Psorosperms of the 
pike. In other cases (Nonocystis, 
Gonospora, etc.) sickle-shaped bodies 
arise in the spores, which, without 
passing through an amabhoid stage, 
give rise to young Gregarines. Mono- 
eystis agilis from the testis of the 
earth-worm. Gregarina L. Duf. 
(Clepsidrina Hammersch.) Body 
with flat partition wall and wart-like 
head at anterior end. In the young 
stage the anterior end of @r. blat- 
tarum v. Sieb. is fixed in the cells of 
Fıs. 150.—Rainey’s corpuscles from the the intestinal epithelium of Blatta. 


flesh of a pig. a, An animal insideamus- Gr. polymorpha Hammersch, in the 
cle fibre. 5, Posterior end of the same, meal-worm. 


strongly magnified; C, cuticular layer; r n 
B, ke = z AS [The Gregarines are found mainly 


in Invertebrata. They may be divided 
into two main groups, the Polyeystidea and the Monoeystidea. In the former, 
which are found for the most part in Arthropods, there is a partition dividing 
the body into two parts ; in the latter, which are found chiefly in Vermes, there 
is no such partition. ] 

The structures long known as Psorosperms from the liver of the rabbit, the 
slime of the intestine, the gills of fishes, and the muscles of many Mammalia, 
etc., present a great resemblance to the Pserd navicell®; but we are not yet 
fully enlightened as to their nature, The case is the same with the structures 
known as Rainey’sor Mischer’s corpuscles from the muscles of, e.g., the pig : and 
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the parasitic animals from various wood-lice and Crustacea, which were assigned 
by Cienkowski to the fungi, underthe name of Amebidium parasitieum, remind 
us by their reproduction no 
less of the Gregarine and 
their cysts. 

The Coceidia which we 
meet with in the cells of 
the epithelium of the intes- 
tine as well as in the bile- 
ducits of Mammalia should 
also be regarded as Grega- 
rin@ (fig. 151). They trans- Fıg. 151.—Coceidum oviforme from the liver of the rabbit, 
form themselves into egg- magnified 550 diam. (after R. Leuckart). c,d, Stages 
shaped zoosperms by the of spore formation which have only been observed 
formation of a capsule and onteide tho calla. 
the production of several 
spores from their granular contents. In Coccidium oviforme from the liver of 
man and of the rabbit there are only four spores formed, which become sickle- 


shaped rods. 





CHAPTER VII. 
CCELENTERATA (Zoornvres).* 


Radially symmetrical animals with « body composed of cells. They 
have a body-cavity which serves alike for circulation and digestion 
(gastrovascular space). 

Amongst the Celenterata we meet for the first time with organs 
and tissues composed of cells. Im addition to the external and 
internal epithelium, ceuticular, calcareous, and silieious structures, as 
well as muscles, nerves, and sense-organs are very generally present. 
On the other hand, the internal surface of the body is not differ- 
entiated into organs of eirculation and digestion distinet from each 
other. The vegetative processes are performed by the internal sur- 
face of the gastrie cavity, the gastrovascular space, of which the 
central part functions as stomach and intestine, the peripheral as 
vascular system. 

R. Leuckart was the first to recognise the importance of these 
characters, and made use of them to separate the Polyps and the 
Meduse from the Kehinoderms, thus resolving Cuvier’s type of 
Kadiata into the types of C«lenterata and Kehinodermata. 

It is only in more recent years that Naturalists have been con- 
vinced of the close relationship between the Porifera and the Polyps 


* R. Leuckart, “Ueber die Morphologie und Verwandschaftsverhältnisse 
niederer Thiere,’ Braunschweig, 1848. 
14 
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and Meduse, and have included the former in the group of the 
Oelenterata. The Porifera were for along time taken for plants, 
and more recently for Protozoon-stocks. While, however, the Polyps 
and Medus® are distinguished as O'nidaria and are characterised by 
the possession of nematocysts and by the higher differentiation of their 
tissues, the Porifera or Spongiaria present more simple forms of 
tissue in the spongy structure of their body, and are without nemato- 
cysts. The entire structure of the body may, generally speaking, be 
described as radial, although the radial symmetry does not appear in 
_ most sponges, and among the C'nidaria transitions towards lateral 
symmetry are ap- 
parent. Similar 
organs are usually 
repeated round 
the body axis four 
or six times or in 
multiples of these 
numbers. 

Four distinet 
types of body form 
are met with in 
the group Celente- 
rata, viz., that of 
the Sponge; of the 
Polyp ; of the A/e- 
dusa,; and of the 
Otenophora. 


The Sponge 
Fıs. 152.—Young Sycon (after Fr. E. Schulze). O, Osculum or Th 
exhalent pore; P, pore in the wall. type.—The 





sim- 
plestt form of 
Sponge is represented by a fixed cylindrical tube, with an exhalent 
opening, the osculum, at the free end (fig. 152). The contractile 
wall is supported by skeletal spieules, and is pierced by numerous 
inhalent pores, through which water and small food partieles pass 
into the ceiliated internal space. By the fusion of separate indi- 
viduals, and by reproduction by gemmation, the latter being the 
more frequent mode, widely different Sponge stocks with compli- 
cated canal systems are formed. The polyzooid nature of these is 
made apparent by the presence of many oseula. 
The Polyp type. —The Polyp has the form of a ceylindrical or 
club-shaped tube, of which the posterior end is fixed and the opposed 
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free pole pierceed by an oral opening situated on a flat or conical 
prominence, the oral cone. The mouth is surrounded by one or 
more circles of tentacles, and leads into a simple eylindrical body 
cavity (Hydroidpolyps), or through an &sophageal tube into a compli- 
cated gastrovascular cavity (Anthozoa, fig. 153). The disappearance 
of the tentacles gives rise to the so-called polypoid form, which 
consists of a simple hollow tube fur- 
nished with a mouth. 

The Medusa type. —The free-swim- 
ming Medusa consists of a flattened 
dise or arched bell of gelatinous or 
cartilaginous consistence, fromthe under 
surface of which hangs a central stalk, 
the manubrium, bearing at its free 
end the mouth. This manubrium is 
frequently prolonged in the neighbourhood of the mouth into 
numerous lobes and tentacles, while from the edge of the dise arise a 
varying number of thread-like tentacles. The central cavity of the 
body, into which the hollow manubrium leads, is called the gastric 
cavity, and from it peripheral pouches or radial canals, the so-called 
vessels, run to the edge of the disc, where, as a rule, they are con- 
nected by a circular vessel. 

The movements of the Me- 
dusa are eflected by the alter- 
nate contraction and dilatation 
of the muscular under surface 
of the bell, z.e. of the subum- 
brella. 

Rudimentary Medus®, in 
which the manubrium and 
marginal tentacles are absent, 


are found. They are called FıG. 154.—Medusa of the Podocoryne carnea with 
Medusoids, and do not acquire four tentacles at the edge of the disc, ovaries 
ER. . and manubrium, immediately after separa- 
individual independence, but tion from the stock. 

remain attached to the body 

of the Medusa or Polyp from which they are budded. 

The Medus® and Polyps, in spite of the important differences 
between them, are but modifications of the same plan of structure. 
A Medusa may be compared to a free, flattened Polyp, possessing a 
large gastrie cavity and a muscular and enlarged oral dise. 

The Ctenophor type has fundamentally the form of a sphere, 





Fıe. 153.—Saygartia nivea (after Gosse). 
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beset with eight meridional rows of vibratile plates, which, working 
like oars, serve for locomotion (fig. 155). 

The body parenchyma in the Sponges consists prineipally of 
ameba-like cells, which frequently bear flagella, but which never 
produce stinging threads. In the Cnidaria (Polyps and Meduse), 
in certain cells the 
pecular struc- 
tures known as 
thread cells (fig. 
156)aredeveloped. 
They consist of 
small capsules 
filled with fluid, 
and containing a 
sharp-pointed, spi- 
rally coiled thread; 
they are developed 
in cells which may 
be called cnido- 
blasts. Under cer- 
tain ‘mechanical 
conditions, e.g. 
under influence of 
the pressure pro- 
duced by contact 
with a foreign 
body, these cap- 
sules go ofl, and 
the thread is sud- 


denly protruded A 

and either fastens 4 

on to the cause of h a 

disturbance or 

pierces it,carrying Fıs. 156. — Nematoeysts and 

Fı@. 155.—Cydippe (Hormiphora) . To f cnidoblasts of Siphonophora. 
plumosa (after Chun). 0, au ıt a part o a and d, with the cnidocil 


mouth. the Auid contents of the cell. e to e, Nemato- 
cysts with evaginated thread, 





of the capsule. In 
many parts of the body, and especially on the tentacles, which serve 
for the capture of prey, these small mieroscopie weapons are collected 
in masses, and are often united in a peculiar arrangement to form 
batteries of thread-cells. 
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The tissues (which are composed of cells) are generally arranged in 
two or three layers, of which the external layer is known as ectoderm 
and forms the outer skin, while the internal layer, the endoderm, 
lines the gastrie cavity. 

Between the two there is developed a delicate homogeneous sup- 
porting membrane or a stronger layer of connective tissue, in which 
the skeletal elements are developed. This intermediate layer is 
known as the mesoderm. The skeletal formations present great 
variations in structure and arrangement. 

Muscles are formed in the deeper part of the ectoderm as cell- 
processes (the so-called neuromuseular fibres), but often penetrate 
within the mesoblast as independent cell structures. Sense epi- 
thelium, nerve fibrille, and ganglion cells also appear as differentia- 
tions of the ectoderm. The endoderm cells, on the other hand, often 
bear cilia, and are prineipally concerned in the processes of digestion 
and secretion. 

A sexual reproduction by fission and gemmation is prevalent in 
these animals, constituted, as they are, on the whole of homogeneous 
tissues. If the individual forms so produced remain united, they give 
rise to the colonies which are so widely distributed amongst the 
Polyps and Sponges, and which, by the continual multiplication of 
their individuals, may in course of time attain a very considerable 
size. But we also meet everywhere with the sexual reproduction, in 
that ova or spermatozoa are produced in the tissues, usually in the 
region of the gastrovascular cavity, in a definite portion of the body. 
Asa rule, the ova come in contact with the spermatozoa away from 
the place where they are produced ; either within the body cavity 
or outside the parent body, in the sea-water. In a few cases only do 
both the sexual elements originate in the body of the same indivi- 
dual, as, for example, in many of the Spongiaria, some Anthozoa, 
and in the hermaphrodite C'tenophora. As a rule, in the colonies of 
Anthozoa the monccious arrangement of sexes obtains, the indivi- 
duals of the same stock being partly male, partly female. Some are 
diecious, e.g. Veretillum, Diphyes, Apolemia. 

The development of the Clenterata for the most part consists of 
a metamorphosis. The just hatched young differ from the sexual 
animal in the form and structure of the body, and pass through 
laryal stage, The greater number of them leave the egg as 
eiliated larve, which resemble somewhat an Infusorian in external 
appearance. They acquire a mouth, body cavity, and organs for 
obtaining food, either during their existence as free larve, or after 
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attachment to solid surrounding objects in the sea. If the young 
forms, which differ from the sexual animal, gain the power of re- 
produeing by budding, the development leads to various forms of 
alternation of generations. 


SuB-GRoup — I. SPONGIARIA *=PORIFERA. 


The body has a spongy consistence and is composed of masses of 
cells capable of ameeboid movements and supported. by a solid, calcareous, 
silieious, or horny skeleton. There are external pores, an internal 
canal system, amd one or many exhalent openings (oscula). 

The sponges are at present universally regarded as ('«lenterata, 
and in this group they are distinguished from the O'nidaria (Polyps 
and Meduse). They are composed of a contractile tissue, which 
is usually supported by a framework composed of spieules and fibres ; 
the whole being arranged in such a manner that there exists on the 
external wall of the body larger and smaller openings; and in the 
interior a system of canals and spaces in which a continuous stream 
of water is maintained by the vibratile motion of cilia. 

Ameba-like cells, net-like membranes of sarcode, flagellated cells, 
spindle cells, ova, spermatozoa, and tissues 
derived as excretions from cells are present 
as the histological elements of the Sponge 
body. The chief mass of the contractile 
parenchyma is composed of the amaba- 
like cells. These are granular cells, which, 
Ara. 187. ee cell of Jike Ammbir, have no external membrane, 

can protrude and retract processes, and 
take into their interior foreign substances (fig. 157). 
The framework or skeleton, which is wanting only in the soft 





* Literature : Nardo G. D., “System der Schwämme,” Isis, 1833 and 1834. 
Grant, “ Observations and Experiments on the Struct. and Funct. of Sponges,” 
Bdin. Phil. Journal, 1825—1827. Bowerbank, “On the Anatomy and Physio- 
logy of the Spongiad,” Philos. Zrans., 1858 and 1862. Lieberkühn, “ Beiträge 
zur Entwickelungsgeschichte der Spongillen,'' Müller's Archiv., 1856. Lieber- 
kühn, “ Zur Anatomie der Spongien,” Müller's Archiv., 1857, 1859, 1863, 1865, 
1867. O.Schmidt, “Die Spongien des adriatischen Meeres,” Leipzig, W. Eng- 
elmann, 1862, as well as Supplement. Leipzig, W. Engelmann, 1864, 1866, 
1868. E. Haeckel, “Die Kalkschwämme,” 3 Bde, Berlin. ‘1872. Fr. E. 
Schulze, “ Untersuchungen über den Bau und die Entwickelung der Spongien,” 
Zeitschrift, für wiss. Zool,, 1876—1880. 
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gelatinous Sponges or Myxospongia, is composed of horny fibres or 
silicious or calcareous spicules. 

The horny fibres form, without exception, anastomosing networks 
of varying degrees of thickness, and present a lamellated structure 
(fig. 158), which indicates that they are formed of a number of layers. 
They are formed by excretion as hardening 
portions of sarcode. The calcareous needles 
(fig. 159) are simple or three- and four- 
rayed spicules, and take their origin, as 
do the silicious structures, in the interior 
of cells. The silieious spicules present, 
however, an extraordinary variety of forın: 
some of them constitute a connected frame- 
work of silicious fibres, and others are free 
silieious bodies with simple or branched 
central canals (fig. 160). The latter are 
found in the form of needles, spindles, 
cylinders, hooks, anchors, wheels, and 
crosses, and arise in nucleated cells, pro- 
bably as deposits round a hardening of Fıe. 158.—Piece of network of 

1 horny fibres from Euspongia 
organic matter (central fibre). Bahn. 

In order to understand the morphology 
of the Spongiaria we must begin by examining the structure of a 
young Sponge, which proceeds from the fixed larva. The young 
Sponge, after the formation of a ciliated gastrie cavity and an ex- 
halent opening or osculum, has the form of a simple hollow tube, 
the walls of which are 
pierced by pores for the 
passage of small food 
particles suspended in Be 
the water (fig. 152). 

In this stage we can 
distinguish three layers 





— (1) an entoderm, N 
formed of elongated 
flagellated cells ö (2) a Fıe. 159. —Calcareous Spicules of Sycon. 


mesoderm, the skeleto- 

genous cell layer, the structure of which recalls connective tissue ; 
and (3) an ectoderm, which forms the outer layer of the Sponge, 
and consists of a flat epithelium. The cylindrical cells of the endo- 
derm possess at their free ends surrounding the flagellum a delicate 
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hyaline marginal membrane, which, derived from a prolongation of 
the hyaline plasma, projects as a hollow eylinder resembling the 
protoplasmie collar of certain Flagellata* (Oylicomastiges). [This 





Fig, 160.—Silex bodies from different silicious Sponges. a, Silex needle from Spongilla, 
inside the cell. d, Amphidisc of a gemmule of Spongilla. c, Anchor from Ancorina. d, 
Hook from Esperia. e, Star from Chondrilla. f, Anchorfrom Euplectella aspergillum. 9, hy 
needle rays from the same. i, Six-rayed needle from thesame, with central canal. 


structure is commonly known as the collar, and the cells as the 

collared cells. ] 

The thick layer in which the skeletal 
spicules are produced consists of a hyaline 
matrix, in which irregularly branched or 
spindle-shaped amaboid cellsare embedded, 
and may be regarded, like the gelatinous 
substance of the Acalepha, as mesoderm, 
while the external, clearly defined, flat epi- 
thelium (also in the Asconia, Zeucosolenia) 
is to be considered as ectoderm. 

RT rertioniof th erlak: The pores or inhalent openings so cha- 
nal layer of Spongilla with the raeteristice of the Sponge body are in 
ee Suhoktun). reality only intercellular spaces, and are 

able to close themselves, vanish and be replaced by new pores, 

which arise by the separation of one cell from another (fig. 161). 





* Upon this ground Clark declared the Sponges to be nearly allied to ihe 
Flagellata, and regarded them as great colonies of the latter. 
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Amongst the calcareous Sponges, the simple Sponge with inhalent 
pores and terminal osculum (Olynthus-form) is represented by the 
stock-forming Zeucosolenia (Grantia), which is composed of numerous 


hollow eylinders. The structure of this sponge 
has been described by Lieberkühn. 

In the Syconid® the body cavity has a more 
complicated form. The central space opens into 
secondary peripheral spaces or radial tubes, which 
are lined by ciliated cells, and open externally 
through the inhalent pores (fig. 162). 

In other calcareous Sponges (Zeuconide) the 
radial canals have the form of irregular parietal 
canals, giving off branches to the periphery and 
possessing dilated, ciliated chambers. This form 
of internal canal system is also found in most 
of the stock-forming, silicious Sponges (fig. 163). 

Sponge forms may become more complicated 
by the formation of stocks ; the originally simple 
Sponge, which has developed from a single cili- 
ated larva, gives rise by budding and incomplete 
fission to a polyzoid sponge body; or several 
originally 
separate 
individu - 
als, each 
of which 


has origi- 





Fıg. 162.—Longitudinal 
section through sSycon 
raphanus, slightly mag- 
nified. 0, Osculum 
with collar of spicules; 
kt, radial tubes which 
open into the central 
cavity. 


nated from a single larva, 





Fıs. 163.— Section of Cortieium candelahrum (after 
Fr. E. Schulze). @k, Ciliated chamber of the 
parietal canal. 


fuse together to form a com- 
pound sponge stock. Both 
these methods of growth are 
repeated in a similar manner 
in the formation of the stocks 
of Polyps (fig. 164). In the 
same way that the fan-like 
nets of the Fan Coral (Rhipr- 
dogorgia flabellum) are formed 
by the repeated fusion of its 


branches, the gastrovascular cavities of which anastomose, so also 

in the case of the branching sponges, as a result of the same pro- 
2 N Sr " 

cess, reticulate, or coiled or even massive stocks are formed (fig. 165). 


218  C(ELENTERATA, 


In this case the canal system, in which the modifications before 
described for each individual Sponge are repeated, becomes more 
complex, partly through the formation of anastomoses, and partly 
because irregular gaps and winding passages make their appearance 
between the fused branches of the stock and form spaces which lead 
into the ciliated cavities. 

Reproduction takes place mainly asexually by fission and the 
production of germs or gemmules, but also 
by the formation of ova and sperm capsules. 
The gemmules are in the fresh-water Spongilla 
masses of cells which are surrounded by a 
firm shell composed of silicious structures 
(amphidiscs), and, like encysted Protozoa, 
pass through a long period of rest and inac- 
tivity. After the expiration of the cold and 
sterile season of the year, the contents pass 
out of the opening of the capsule and gene- 
rally surround the latter, and with increasing 
growth become differentiated into amaboid 
cells and all the essential parts of a new small 
sponge body. Multiplication by means of 
gemmules is also common among the marine 
Sponges. The gemmules take their origin 
under certain conditions as small globules 
surrounded by a membrane. The eontents 
are essentially formed of sponge cells and 
spicules, and, after a longer or shorter period 
of inactivity, reach the exterior by the rupture 
of the membrane. 

Sexual reproduction was first demonstrated 
with certainty by Lieberkühn for Spongilla, 
but more recently has been shown to exist in 
almost every group of Sponges. In most 
cases the ova and spermatozoa seem to reach 
maturity at different times in the same Sponge. 

The spermatozoa are needle-shaped, and lie in small spaces lined 
with cells. The ova, like the mother cells of the spermatozoa, are 
modified cells of the parenchyma, and are derived from cells of the 
same tissue layer (mesoderm) in which the needles and skeletal 
structures take their origin. The ova are naked amaboid cells, and 
pass into the canal system, while in the viviparous Sycons they 





Fıs. 164.—Acinella polypoides 
(after O. Schmidt). 
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remain in the mesoderm, and there undergo their development. It 


is only later that the 
ciliated embryos or 
larve fall into the 
canal system, pass 
out, and attach 
themselves, to de- 
velop into a young 
sponge. 

The embryonic de- 
velopment among the 
calcareous sponges is 
most accurately 
known for the 





FıG. 165.—Euspongia oficinalis adriatica, with a number of 
oscula, O (after Fr. E. Schulze). 


Syconide from the investigations of Fr. Schulze and Barrois. 
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Fıs. 166.—Development of Sycon raphanus (after Fr. B. Schulze). a, Ripe ovum. b, Stange 
with four segmentation cells. c, Stage of segmentation withsixteen cells. d, Blastosphere 
witb large dark granular cells at the open pole, ce, Free-swimming larva, one-half of the 
body (entodermal) being formed of long ciliated cells, the other (ectodermal) of large 


granular cells. 
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After the completion of the tolerably regular segmentation (fig. 
166, a—.c), S'ycon (‚S'ycandra) raphanus passes through a blastosphere 
stage, during which the greater half of the ovum consists of clear 
ceylindrical cells, and the smaller half at the still open pole of large 
dark granular cells (fig. 166, d). The cylindrical cells of the larger 
half develop cilia, and the embyro passes out of the body cavity and 
becomes a free-swimming larva, which attaches itself and alters its 
shape in such a manner that the dark cells grow over the ciliated 
portion of the globe, which is meanwhile invaginating. The ecto- 
derm and mesoderm are derived from the dark granular cells, and 
the ciliated cells 
give rise to the 
entoderm of the 
gastrie cavity. 
Later on the body 
of the sponge be- 
comes cylindrical, 
the osculum makes 
its appearance,and 
calcareous needles 
appear in the wall, 
which becomes 
pierceed by pores 
(fig. 167). 

With the excep- 
tion of Spongilla, 
the sponges are 
marine, and are 





Fıc. 167.—Young Sycon (after Fr. E. Schulze), O, Osculum ith 
or exhalent aperture; 7, pores of the wall. met wit under 


very different con- 
ditions, and covering a wide area of distribution. The horny 
sponges live in shallow seas, as also the Myxospongie and Chalinew, 
or silieiceratous Sponges; while the Hexactinellide inhabit very 
eonsiderable depths. Petrified remains of sponges are also found 
preserved in various formations, for instance in the chalk; and 
these remains differ much from the greater number of those 
living. On the other hand, the hyaline sponges of the deep sen 
agree so fully with the ancient forms that they seem to be the 
direet descendants of the latter., Finally, many of the prineipal 
groups extend back into the pal®ozoie age, in which Zithistide and 
Hexactinellid® especially are met with in the mcst ancient Silurian 
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strata. Hence paleontology affords us no facts for determining the 
phylogenetie development of the Porifera. 


CLASS I—SPONGIA. 
(With the characteristics of the Group). 


Order 1.—MvxosponGi1A (gelatinous sponges). Soft, fleshy sponges, 
without any skeleton, with a hyaline gelatinous mesoderm, often 
containing fibrous cords.. The ectoderm cells are fairly elongated, 
and bear flagella. 

Fam. Halisareide. Halisarca Duj. Z. lobularis O. S., colour dark violet; 


encrusts stones; Sebenico. ZZ. Dujardimii Johnst., forms a white encrustment on 
the Laminaria of the North Sea. 


Order 2.—ÜERAOSPONGIA (horny sponges). For the most part 
branched or massive sponge stocks, with a framework of horny 
fibres, in which grains of silex and sand are present as foreign 
bodies. 


Fam. Spongiad@. Zuspongia O. S., with very elastie fibrous framework, of 
equal strength throughout, mostly capable of being used for bath and washing 
sponges. E. adriatica O. S., eqwina O. S., zimocca O. S., in the Greek Archi- 
pelago, molissima O, S., Levantine sponge, cup-shaped. Spongelia elegans 
Nardo. j 


Order 3.—HALICHONDRIE (siliciceratous sponges). Sponges of 
very various shapes, with usually uniaxal silicious needles, simple 
silicious spicula, which are connected by delicate or firmer plasmatie 
structures, disposed in networks or enclosed in sponge fibres. Of 
the numerous families the following may be mentioned :— 

Fam. Chrondroside. (Gummin@), Coriaceous sponges. Chrondrosia reni- 
formis Nardo. 

Fam. Suberitide. Sponges of massive form, with knobbed silex spicules, 
which, as a rule, are arranged in network. sSuberites Nardo. SS. domuneula 
Nardo, Adriatic, Mediterranean. 

Fam. Spengillide. Massive or branched with simple spicules, connected by 
investments of sarcode. Spongilla fluviatilis Lk., Sp. lacustris Lk. 

Order 4.—HyarospoxGIA. Sponges with a firm, often hyaline 
lattice-work of silex spieules, which present the most perfect form of 
six-rayed spieules (/exactinellide), and may be cemented together 
by a stratified silicious substance. 

Fam. Hexactinellids (hyaline sponges). With connected silieious framework 
and network of stratitied silicious fibres, which join the six-rayed silicious 
bodies, frequently with isolated spieules and tufts of silex hairs, which serve to 


attach the sponge. They live for the most part at considerable depths, and are 
allied to the £fussil Ventrieulitid@, Dactylocalye Bbk. KEuplectella Owen, 


% 
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EB. aspergillum Owen, Philippines. In the body cavity of the glassy spouge 
are found Aega spongiphila, and a small Palzmon. IHyalonema Sieholdii 
Gray, Japan. 4. boreale Loven, North Sea. 


Order 5:— ÜALCISPONGIE, Calcareous sponges. Usually colour- 
less, sometimes red-coloured sponges and sponge stocks, the skeletons 
of which consist of calcareous spieules. These are either simple 
needles (as they first appear in the embryonie form) or three or four- 
“ armed cross spieules. Very often, however, we meet with two or all 
three forms of spieules in the same sponge. 


Fam. Asconide (Zeucosolenid@, Ascons). Calcareous sponges, the walls of 
which are pierced by simple canals. @Grantia Lk. (Leucosolenia Bbk.), these 
are divided by E. Haeckel into seven genera, Ascyssa, Ascetta, Ascilla, Ascortis, 
Asculmis, Ascaltis, Ascandra, according to the form of the calcareous needles or 
spicula. Gr. botvyoides Lk. (Ascandra complicata E. Haeck), Helizoland, 
nearly allied to @r: Lieberkühmii O. S. from the Mediterranean and Adriatie. 

Fam. Leuconide (G@rantiide, Leucons), calcareous sponges, with thick wall, 
which is pierced by branched channels, Leueonia Grt., divided by E. Haeckel 
into seven genera, according to the form of the calcareous spieules— Zeuceyssa, 
Leucetta, Leueilla, Leucortis, Leueulmis, Leucaltis, Leucandra. L. (Leucetta) 
primigenia E. Haeck. ä 

Fam, Sycondie (Sycons). Mostly solitary calcareous sponges, with thick 
walls, which are pierced by straightradial tubes. The latter project on the surface 
as conical prominences of the wall. ‚Sycon Risso, divided by E. Haeckel into 
seven genera—Syeyssa, Sycetta, Syeilla, Sycortis, Syculmis, Sycaltis, Sycandra. 


Sug-GRoUP IL.—CNIDARIA (ÜELENTERATA, s. str.) 


Celenterata, with consistent tissues not pierced by a system of pores ; 
the osculum is replaced by a mouth ; with Ihread cells in the epithelial 
bissues. 

The Cnidaria represent the C«lenterata in a more restricted sense ; 
and in their structure the radial symmetry appears more strongly 
marked. In them the ameboid cell, as an independent tissue unit, 
loses its importance for the functions of locomotion and nourishment, 
although the entoderm cells often possess the power of absorbing 
solid particles, after the manner of the am&b&. The gastrovascular 
apparatus, on the contrary, functions distinetly as a digestive and 
eireulatory body cavity. Pore systems in the skin are not required 
for the introduction of nourishment, since the mouth, which corre- 
sponds to the osculum, provides for the reception of food, Nemato- 
cysts are very commonly found as productions of the epithelial cells, 
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princıpally of the ectoderm, but also of the entoderm. Each enido- 
blast, from the contents of which a nematocyst is developed, possesses 
a fine superficial plasmatie process (cnidocil), which is probably very 
sensitive to mechanical stimuli, 
and occasions the bursting of 
the capsule. 

Very frequentlythe enidoblasts 
are found thickly grouped to- 
gether at certain places, and form 
wart-like swellings or batteries 
(fig. 168). The differentiation of 
tissues and organs also appears to 
have xeached a higher stage in 
the O'nidaria, in comparison with 
the Porifera, in which enidoblasts 
have not hitherto been discovered. Sense cells, in particular, ae 
found in the ectoderm, and these are not seldom grouped together 
as specific sense organs. Nerve cells and fibres are also present; 
the latter often 
form a deeper 
layer of fibrous 
tracts beneath 
the superficial 
layer of the ec- 
toderm, with 





of the tentacle of a Seyphist:ma 




















which they stand Fıc. 169.—Longitudinal section through the nervering of Charybdea. 

in connection Sz, Sense cells in the ectoderm; Gz, ganglion celis; Nf, nervc 
fibres ; StZ, supporting lamella; E, entoderm cells. 

through pro- 


cesses of the sense cells. Amongst many Meduse® (Oraspedota and 
Charybdea) we find a single or double nerve ring near the edge 
of the disc, while in the Polyps (Actinia), the nerve fibres have a 
more irregular distribution (fig. 169). 


CLASS T.— ANTHOZOA*=ACTINOZOA (Coral polyps). 


Polyps with wsophageal tube and mesenteric folds, with internal 
generative organs (no medusoid serual generation), usually with solid 
mesodermal calcareous skeleton. 

The polyps of the Actinozoa are distinguished from the polyps 

* Ehrenberg, “ Beiträge zur physiologischen Kenntniss der Korallenthiere im 


Allgemeinen und besonders des rothen Meeres.” Ehrenberg. “ Uber die Natur 
und Bildung der Korallenbänke,” Abh. der Berl. Akad, 1932. Ch. Darwin, 
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of the Hydromedus®e by their larger size and the more com- 
plicated structure of their gastrovascular cavity (fig. 43). The 
‚latter is not a simple cavity in the body, but is divided by numerous 
vertical partitions, the mesenteric folds, into a system of vertical 
pouches which communicate with one another at the bottom of 
the gastrie cavity. In addition a system of capillary passages is 
also frequently present in the body wall. At their upper extremity 
the pouches are continuous with the canals leading into the hollow 
tentacles, since the edges of the mesenteries bounding them unite 
with the wall of the oral tube which hangs from the mouth. Ar 
opening nıay however persist in each mesentery underneath the oral 
dise, putting the neishbouring chambers in communication. The 
oral tube has the significance of an esophagus, and possesses at its 
internal end, where the peripheral chambers open into the central 
cavity, an opening capable of being closed, by means of which its 
caviby stands in communication with the gastrovascular system. The 
mouth is used not only for the reception of food, but also for the re- 
jeetion of exereta. The secretions of the coiled and twisted filaments 
(mesenterie filaments) at the edge of the mesenteries must beregarded 
as aiding in digestion (fig. 43). 

The body of the polyp consists of an external coating of cells, 
an internal layer lining the gastrie cavity, and an interposed 
connective tissue layer of very various thickness and structure 
(mesoderm). The latter appears rarely as gelatinous tissue, and 
more frequently as a tough homogeneous connective tissue containing 
spindle and star-shaped cells (Alcyonide, Gorgonide). This tissue may 
also assume the form of fibrous connective tissue, and become the 
seat of calcareous deposits. Muscle fibres, which take their origin 
from the entoderm cells,may also appear in the mesoderm ; while the 
newly discovered ectodermal sense epithelium and nerve fibrille 
keep their superficial position in the region of the oral disc and on 
the tentacles. The generative products arise on the mesenteries 
near the mesenterie filaments as band-shaped or folded thickenings, 
and, according to Hertwig, are products of the entoderm. The sexes 
are for the most part separate, although hermaphrodite individuals 
“The Structure and Distribution of Coral Reefs,” London, 1842, J. D. Dana, 
“ United States Expl. Expedition, Zoophytes,” Philadelphia, 1846, M. Edwards 
et J. Haime, “ Histoire naturelle des Corailliares,’ 3 Tom, Paris, 1857—1S60. 
Lacaze Duthiers. “ Histoire naturelle du Corail,” Paris, 1864. Gosse, “ Actino- 
logia britannien,’’ London, 1860. Kölliker, “ Anatomisch-systematische Beschrei- 
bung der Alcyonarien,” 1872. Moseley, “ The Structure and Relations of the 


Alcyonarian Heliopora caerulea, etc,” Philosoph. Transactions of the Roy. Soe., 
1876. 
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are met with. Inrare cases all the individuals are hermaphrodite, 
e.9., Cerianthus. 

The embryos produced from the fertilised ovum, which undergo 
a complete segmentation, are frequently born alive as ciliated larv:e, 
and possess an internal gastric cavity, and an oral aperture situated 
at the pole, which is directed backwards during movement. They 
then fix themselves by the pole opposed to the oral aperture and 
protrude in the region of the mouth first two, then four, eight, 
twelve, ete., tentacles; in the Octactinia eight tentacles at once. 

In the Polyactinia, the tentacles and mesenteric pouches of which, 
are arranged in multiples of six, it was till recently erroneously believed 
with M. Edwards that six primary mesenteries were first developed, 
then six secondary between them; then twelve were formed, then 
twenty-four, ete., so that mesenteries of equal size were of equal age 
and belonged to a cycle formed at one time. Lacaze Duthiers 
however produced proofs that the increase of mesenteries and of 
tentacles follows an entirely different law of growth, and that these 
structures in the first phases of development show a bilateral 
symmetry; and it is only later that the six radial symmetry 
appears by the equalization of the alternating elements of unequal 
age. A remnant of the primitive bilateral symmetry is moreover 
often preserved in the elongated mouth slit, which falls in the 
plane of the two primary tentacles. 

Amongst the Polyactinia the very young larve of the Actinia 
(A. mesembryanthemum, Sagartia, Bumodes) have been most accu- 
rately investigated. They are small ciliated planul®, one pole of 
which is somewhat drawn out and bears a tuft of longer cilia. The 
opposite end of the body is flattened and pierced with a mouth. 
Tkis ieads by a short «sophageal tube, which arises by invagination, 
into the narrow gastrie cavity. The first differentiation consists in 
the appearance of two foldsplaced opposite each other, which divide the 
gastrie cavity into two unequal chambers. The mouth is drawn out 
in the form of a longitudinal slit symmetrical with and at right 
angles to these primary mesenteric folds; so that by means of 
them the position of the median plane can be determined. Two new 
folds soon arise in the larger chamber, which we will call the anterior ; 
these lie opposite to one another and symmetrically with the median 
plane; so that four chambers are now present, an anterior, & 
posterior, and two smaller lateral ones. A third pair of folds are 


then developed in the posterior space, and a fourth pair follow 


quickly in the lateral chambers:: the fourth pair are slightly smaller 
15 
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than the preceding ones. After an interval four new folds appear, one 
on each side of the two primary mesenteries (fig. 170). The twelve 
gastrovascular chambers thus formed gradually beeome equal in 
size, and can be separated into two unpaired chambers situated in 
the median plane, and into five pairs placed symmetrically on 
either side of tt. 





Fıe. 170.—From the history of the development of Actinia mesembryanthemum (after Lacaze 
Duthiers). a, Larva with eight mesenteries and two coiled bands; O, mouth. d, Sliehtly 
more advanced larva with the commencement of eight tentacles. ec, d, Young Actinia 
with twenty-four tentacles, two longitudinal sections at right angles to one another. e, 
Mouth and tentacles seen from the oral surface. 


The tentacles begin to develop before the appearance of the fifth 
and sixth pairs of mesenteries. They appear at the oral end of the 
gastrovascular chambers, and the tentacle of the anterior unpaired 
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chamber* appears first, surpassing in size those which follow it. The 
opposite (posterior) unpaired tentacle and the other paired tentacles 
then make their first appearance as small wart-like prominences,. 
When the twelve tentacles have been formed, they become alter- 
nately equalised, so that six larger tentacles, 
amongst which are reckoned the unpaired ten- 
tacles of the long axis, alternate with the same 
number of smaller ones, and we have two cireles 
of six tentacles of the first and the same nunıber 
of the second order. 

The asexual reproduction by gemmation and 
fission is of great significancee. Buds can be 
formed in various positions, even at the oral 
end, in which case a strobila-like form appears. ; 
In Blastotrochus the buds appear at right ua. Re te. 
angles to the axis of the parent animal (fig. nutrix (after O. Sem- 
ı71). per). LK, Lateral bud. 

If the individuals so produced remain connected with one another, 
a polyp-stock is formed, which may attain very various forms and 
great size. As a rule the individuals are imbedded in a common 
body mass, the cenenchym, and their gastrie cavities communicate 
more or less directly, so that 
the juices acquired in the in- 
dividual polyps penetrate into 
the collective stock. This stock 
affords us an excellent example 
of an animal community built 
up out of similar members. 
The formation of the generative 
products alone is distributed, as 
a rule, to different individuals, 
which, however, unite in dis- 
charging all animal and vege- 
tative functions together (fig. 
172). 

The skeletal formations of the Fıe. 172.—Branch of a Polyparium of Corallium 
polyps dba specially wo rthy of rubrum (after Lacaze Duthiers), P, Polyp. 
remark (polyparia). Im almost every case, with the exception of Ac- 
tinia, there is a deposit of solid calcareous matier in the mesoderm, and 








* Like the first tentacle of the young Scyphistoma polyp among the IZydro- 
Meduse@. 
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according to the density of this deposit, there is produced a leathery, 
chalky, or even stony framework. 
If isolated needles or toothed rods (fig. 173) of caleareous substance 
are distributed beneath the epidermis and the c@nenchyma, the 
polyp-stock has a fleshy, leathery nature (Aleyonaria) ; but if,on the 
contrary, the calcareous structures are fused together or are cemented 
together in a larger mass, a solid, more or less firm, often stony cal- 
careous skeleton is developed (Madreporaria). In the individual 
animals the formation of this sub-epidermie skeleton begins on the 
foot surface, and advances 
thence in such a manner that 
near the calcareous foot-plate 
= A\ z there is formed in the under 
12 AI part of the polyp body a more 
la or less cup-shaped theca, from 
which numerous perpendicular 
plates, the septa, radiate in- 
wards. In the cüup-shaped cal- 
careous framework of the 
individual polyp, the structure 
of the gastrovascular cavity is 
repeated, with the exception 
‚ that the calcareous septa cor- 
respond to the interspaces of 
the mesenteries (fig 174). 
The number of the septa in- 
creases as does that of the 
mesenteriesand tentacles with 
the age of the polyp according 
Alcyonaria (after Kölliker). a, of Plexaurella, to the same laws, A 
b, of Gorgonia. c, of Alcyonium, same time a great number 
of systematically important 
modifications of the skeleton are eflected by further differentiation. 
A column-like, caleareous mass sometimes arises in the axis of the 
cup (columella), and in its neighbourhood a eircle of calcareous 
rods (pali), which are separate from the septa (fig. 175). There may 
further be formed between the lateral surfaces of the septa processes 
of calcareous substance as interseptal rods or horizontal shelves 
(dissepimenta); also on the outer side of the wall of the theca ribs 
(cost) projecting beyond its external surface, and similar dissepi- 
* ments may be produced between these, 
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The important diversities of form in the polyp stocks are not 


only occasioned by the differences of structure 


of the skeleton of the 





Fıs. 175.—Vertical section 





Fıe. 174.— Vertical section through a polyp of Asfroides 
calycularis (after Lacaze Duthiers). The mouth open- 
ing and @sophageal tube are seen as well as the me- 
senteries fastened to the same; also the calcareous 
septa between the mesenteries, and the columella of 


through the cup of Cyathi- 
na Cyathus (after Milne 
Edwards). 8, Septa; P, 
pali; C, columella. 
polyp, but are also the 
resultant of varying 
methods of growth by 
gemmation and imper- 


the skeleton, Sk. 





Fıe. 176.—Madrepora verrw 
cosa after Ed. H. 


and live mostly in the 


feet fission. According 
to the method, nume- 
rous modifications of 
branched stocks are dis- 
tinguished, e.g., Madre- 
pores (fig. 176), Oculi- 
nide (fig. 177), and the 
lamellar and massive 
stocks as Astrea (fig. 
178) and the Mean- 
drinide (fig. 179). 

The Anthozoa are all 
inhabitants of the sea, 





Fıe. 177.—Branch of Oeu- 
lina speciosa (after Ed. 


H). 


warmer zones, but certain types of the fleshy 
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Octactinia and Actinia are distributed in all latitudes, The polyps 
which build banks and reefs are confined to a zone extending about 
28 degrees on either side of the equator, and only here and there 
extend beyond these bounds. They live for the most part near the 
coast, and produce there in course of time rocky masses of colossal 
extent by the accumulations of their stony calcareous frameworks. 
These masses may form coral reefs 
(atolls, barrier reefs, fringing 
reefs), which are perilous to ship- 
ping, and may also become the 
foundations of islands. In both 
cases a gradual alteration of 
level, the raising of the bottom 
of the sea, assists the work of 

. the coral animals. The presence 
of the coral banks in the deep 
Fıs, 178.—Astrea (Goniastrea) peclinata Bo is, on the other hand, due 
Ehrbg. (after Klunzinger). to a continual sinking of the 

sea-bottom. 

The part which the Anthozoa take in the alteration of the earth’s 
surface is considerable. In the present time they protect the coast 
from the consequences 
of the breaking of 
the waves and assist 
in the formation of 
islands and rocks by 
producing immense 
masses of calcareous 
matter. In earlier 
geological epochs they 
have played a still 

—— more important part 

Fıc. 179.—Meandrina ar Klz. (after Klun- judging from the 

great thickness of 

the coral formations of the Palxozoie period and of the Jurassic 
formation. 
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Order 1.—Ru6osa = TETRACORALLA. 


Palw@ozoice Corals with numerous symmetrically arranged septa, 
grouped in multiples of four. 
To these belong the families of the Oyathophyllidee, Stauride, etc. 
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Order 2.—ALCYONARIA — ÜCTACTINIA. 


Polyps and polyp stocks with eight plwmed tentacles and the same 
number of uncalcified mesenteric folds. 

The calcareous secretions of the so-called eutis lead to the forma- 
tion of fleshy polyparia or of friable crusts surrounding an axial 
skeleton, which is sometimes horny, sometimes calcareous and stony, 
or of rigid calcareous tubes (Tubipora). Im all cases definite cal- 
careous bodies, the sclerodermites, form the foundation of the 
skeleton. The embryos are mostly born as ciliated larv, without 
mesenteries or tentacles.. The separation of the sexes in different 
individuals is the rule (fig. 172). 


1. Fam. Aleyonide. Fixed polyp stocks without axial skeleton, usually 
with a fleshy, leathery polyparium, with only a slight deposition of calcareous 
matter in the cutis. The colonies arise either through lateral gemmation, 
when they form lobed and ramified masses, e.g. Aleyonium palmatum, Pall., 
digitatum L., or the individual animals are connected by basal buds and root- 
like processes, e.g., Cornularia crassa Edw. 

2. Fam. Pennatulide (Sea feathers). Polyp stocks, the naked free basis of 
which is embedded in sand and mud, usually with horny, easily bent axial 
skeleton. There are small sterile polyps as well as the sexual animals. The 
presence of an opening in the stem for the ejection and reception of water is 
worthy of remark. The animals sometimes are placed on the side twigs of the 
stem, and the polyparium is feather-like, e.g., Pennatula rubra Ellis ; some- 
times they are distributed on all sides of the simple stem, e.g., the dioecious 
Veretillum eynomorium Pall. In other cases the polyparium appcars flat and 
shaped like a kidney, with a bulbous root without an axis, Kenilla wiolacea 
Quoy. Gaim., or a kind of umbel is formed by the aggregation of the polyps at 
the upper end of a long stem, Umbellula Thomsonii Köll. 

3. Fam. Gorgonide. The fixed colonies possess a horny or calcareous tree- 
like branched axial skeleton, which is surrounded by a friable crust, or by a 
softer pareuchyma containing calcareous particles. The body cavities of the 
individual animals communicate by pranched vessel-like tubes which contain 
the common nutritive fluid. The axis is either horny, flexible, and unjointed, 
as, e.9., Gorgonia verrucosa Pall., (Rhipidogorgia) flabellum L., or composed 
of alternating horny and calcareous segments, as, e.g., Zsis hippuris Lam., 
Melithea ochracea Lam., or stony and formed of calcareous matter. The red 
coral, Corallium rubrum Lam., falls under the last head, and yields the coral 
stone which is used in jewellery. This species is found in the Mediterranean, 
on the rocky coasts of Algiers and Tunis, and there forms an important object 
of industry. . 

4. Fam. Tubiporide, organ coral. The polyparia resembling the pipes of an 
organ, The animals are placed in parallel calcareous tubes connected by hori- 
zontal plates, Zubipora Hempriehtii Ehrbg. 


Order 3.—ZOANTHARIA — HEXACTINIA. 


Polyps and polyp stocks, whose tentacles usually alternate in several 
circles, and are either six or some multiple of six in number. 
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The body is seldom quite soft, or with a leathery framework; as a 
rule it has a calcareous stony polyparium with radial striations. 
Separated sexes are the rule, but hermaphrodite polyps (Actinia) 
are not seldom to be met with. The polyps very generally retain 
their embryos for a long time, so that they are born eight or twelve 
rayed, with rudimentary tentacles. Many give rise to coral reefs 
and islands (figs. 175—179). 


1. ANTIPATHARIA. Mostly with only six tentacles, and horny skeletal axis. 

Fam. Antipathide. Polyp stocks with soft non-calcareous body, but with 
simple or branched axial skeleton. Only six tentacles surround the mouth, e.g., 
Antipathes Pall. 

2. ACTINIARIA, with no hard structure. 

Fam. Actinide, with soft body; sometimes single animals with several 
alternating eircles of tentacles, Actinia L.; sometimes connected in stolons 
and aggregated to form stocks, Zoanthus Cuv. The former are able, by means of 
their contractile foot, to leave their place of attachment and to move freely. 
Many reach a relatively considerable size, and possess beautiful colours. Under 
the name of sea anemones they are the ornaments of salt water aquaria. 
Actinia mesembryanthemum L. The skin sometimes secretes a glutinous mass 
filled with nematocysts or a kind of membrane, Cerianthus Delle Ch. 

3. MADREPORARIA with continuous hard calcareous skeleton. 

(a) Aporosa. 

Fam. Turbinolide. Mostly single polyps with compact calcareous frame- 
work, imperforate thec®, and well developed septa, the spaces between which 
are open to the bottom. Zurbinolia Lam., Flabellum Less., Caryophyllia 
Lam., €. eyathus Lam., Blastotrochus Ed. H. 

Fam. Oculinide. Polyp stocks with hard usually branched polyparium, with 
coenenchyma rich in calcareous matter, and but few septa in the cup of the 
individual. Oculina wirginea Less., Indian Ocean. Amphihelia oculata L. 
white corals of the Mediterranean. 

Fam. Astreid&, Star corals, Mostly massive polyp stocks with fused thec®, 
and without coenenchyma. The septa have sometimes cutting edges. sometimes 
toothed edges. The interseptal spaces are filled with horizontal partition walls. 
Husmilia Edw. The single animals are produced by fission and remain 
connected only at their bases. They produce a cespitous polyparium, the 
septal edges of the cup being cutting. Galawea Oken, The single cups arise 
by gemmation, are free atthe upper edge ; the septa have cutting edges. Astr@a 
Lam., single cups fused througbout the entire wall. The septal edges of the 
cup are jagged. Maandrina Lam., the neighbouring cups fused to form long 
valleys. M. Crassa Edw. H. 

Fam. Fungid&. Mushroom corals. Usually with large flat single cups, some- 
times polyp stocks ; without thec®, with numerous strongly developed septa, 
toothed and connected by synapticule. JZungia discus Dana,, Halomitra 
Dana., Zophoseris Edw. H. 

(b) Perforata. 

Fam. Madreporide, Madrepores, Polyps and polyp stocks with porous 
coenenchyma and perforated thec®. Gastrie cavity open at the bottom and 
communicating with the central caual in the axis of the branched polyparium, 
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Septa but slightly developed. AMadrepora cervicornis Lam. Dendrophyllia 
ramea Edw., Mediterranean, Astroides calyeuiaris Pall. 


CLASS IL.—POLYPOMEDUSE.* [HYDROZOA.] 


Polyps without @sophageal tube, with simple gastrovascular cawity. 
The generative elements are developed in medusoid forms which may 
be either free-swimming, or permanently attached to hydroid forms. 

This class includes the small polyps and polyp stocks, and the 
Meduse@ which form the sexual generation. The Polypomeduse 
have always a simpler structure than the Anthozoa to which they 
are also usually infe- 
rior in size. They 
lack w«sophagus, 
septa, and gastrovas- 
cular pouches. Only 
the polyps of the a- 
sexual generation of 
the Scyphomeduss® 
[Acraspeda], known 
as Scyphistoma, pPOoSs- 
sess a remnant of 
the gastrie folds as 
four gastrie ridges 
from which filaments 
are developed. The 
polyp stocks develop 
in rare cases (Mille- 
poride) a compact 
calcareous framework 
comparable to the 
polyparium. When 
skeletal formations 
are present they con- 
sist as a rule of more 





FıG. 180 a.—Branch of an Obelia-stock (0, ge’atinora). O, 
or less horny secre- Mouth of a nutritive polyp wi.h extended tentacles. M, 
tions of the ectoderm Medusa buds on the body of a proliferous polyp (blasto- 
5 & ® style) ; 7A, bell-shaped «up (theca) of w nutritive polyp. 
which as delicate 


tubes surround the stem and its ramifications, and sometimes form 
small cup-like structures surrounding the po'yp, and known as 


* Escholtz, “System der Acalephen,” Berlin, 1829. Th. Huxley, “ Memoir 
on the Anatomy and Affinities of the Medus®,” Phil. Trans., London, 1349. 
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hydrothec® (fig. 180 a). A more or less stiff mesoderm lamella is 
also developed in the interior of the body wall, between the ectoderm 
and the endoderm. This serves to support the soft parts of the 
animal, and, in the Meduse, is in part represented by the gelatinous 
connective tissue of the disc. 

The Medusa (fig. 180 5) is without doubt morphologically higher 
than the Polyp, since it represents the mature sexual individual, 
while the Polyp performs the nutritive and vegetative functions. 

The Medusa, in correspondence with its power of free locomotion, 
possesses an ectodermal nervous system and sense organs. The 
nervous system consists of nerv& fibres and ganglion cells, and is 
usually specially concentrated round the edge of the disc, where it 
forms a double ring of 
fibres running parallel 
to the circular vessel. 
The sense organs are the 
so-called marginal bodies. 
The generative pro- 
ducts of the Medusz 
either have their origin 
in the ectoderm, in 
which case they may be 
developed on the under 
surface of the dise (sub- 
umbrella) in the ecto- 
derm immediately un- 


derlying the radial 


Fıg. 180 b.—Free Medusa of Obelia gelatinosa, as yet 3 . 
without generative organs; g, auditory vesicles. canals (Eucop ide), en 
the ectoderm of the 


manubrium (Oceanide); or they may arise from the endoderm of 
the under surface of the umbrella (Scyphomeduse). 

Both Polyps and Medus® frequently remain at a lower grade of 
morphological differentiation, the former becoming polypoid appen- 
dages, the latter medusoid buds enclosing the generative products, 
In either case they are situated on the stem or on some part of the 
Polyp. The individuality of such appendages appears limited; the 
medusoid or polypoid animal sinks, physiologically speaking, to the 
value of a portion of the body or of an organ, while the entire stock 





L. Agassiz, = Contribution to the "Natural History of the United States, Aca- 
lepha, vol, iii, 1860, vol. iv., 1862, E, Haeckel, “ System der Medusen,” 
Tom. I. and II,, Jena, 1880 and 1881, 
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approaches more nearly toa single organism. The more completely 
polymorphism and division of labour are impressed upon the polypoid 
and medusoid appendages, so much higher becomes the unity of the 
whole which is morphologically a colony of animals. In these cases 
it is often difhieult to distinguish between budding and simple growth. 

For a long time it was considered as a remarkable eircumstance, 
hardly admitting of a satisfactory explanation, that organisms which 
differed so widely as Polyps and Medus&®—they had, indeed, been 
systematically separated as different classes—should only form dif- 
ferent stages in the life-history of a single cycle of development and 
thus be united in the closest genetic connection. The theory of 
“ Alternation of Generations” contained only a description of the 
matter, and offered no explanation. 'The discovery of the mode of 
origin of the Medusa as a bud on the body of the Polyp first 
elearly demonstrated the direct relation of the two forms, for it 
proved that the Medusa is a flattened, disc-shaped Polyp with « 
shallow but wide gastrie cavity, the peripheral part of which has, 
by the fusion of its upper and lower walls along four, six, or 
eight radiating areas, become divided into the vascular pouches 
(gastrie pouches), or, as they are called, radial canals, which 
eorrespond to the gastrovascular pouches of the Anthozoa. The 
differences consist, in connection with the discoidal form, mainly in 
the position of the gastrie tube as an external appendage, the manu- 
brium, and in the great reduction in height of the radially extended 
septa (mesenteries), which are traversed by a layer of endoderm cells, 
the vascular or endoderm lamella. This layer is derived from the 
fusion mentioned above of the aboral with the oral layer of the 
endoderm of the peripheral part of the gastro-vascular cavity. At 
the same time the oral disc becomes enlarged and concave to form 
the cavity of the bell, the ectodermal lining of which gives rise to 
the muscles of the subumbrella.. The supporting substance of the 
arched (after it is freed from its attachment) aboral surface of the 
disc becomes very much thickened and gives rise to the gelatinous 
substance (mesodermic), which sometimes contains cells; while that 
of the oral surface keeps the character of a thin but firm lamella, and 
serves as a support for the muscles on the under surface of the disc. 
The tentacles accordingly arise near the edge of the disc, and become 
the marginal tentacles of the Medusa. In addition to these, four 
simple or branched oral appendages appear as outgrowths from the 
manubrium. 

In addition to the sexual reproduction, asexual multiplication is 
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widely distributed, especially amongst the polypoid forms, in which 
it leads to the formation of polymorphous animal stocks. The two 
forms of reproduction alternate for the most part in regular order, 
so as to produce different generations.° There are, however, Meduse 
(Aeginopsis, Pelagia) which proceed without alternation of genera- 
tions and develop directly from the ovum by continuous development 
with metamorphosis; but, as a general rule, the egg of the Wedusa 
(phanero-eodonie gonophore) or the medusoid generative bud (adelo- 
codonic gonophore) produces a Polyp, and this Polyp either at once, 
by transverse fission (Scyphomedus«), or later, after a longer period 
of growth, in which a sessile or free-swimming polyp stock is pro- 
duced, gives rise to a generation of free-swimming Medusz, or of 
medusoid buds which never become separate from the polyp stock. 
The Hydromedusx® feed entirely on animal substances, and for the 
most part are inhabitants of the warmer seas, The free-moving 
Medus® and Siphonophora are phosphorescent. 


Order 1.—HYDRoMEDUSE.* 


Colonial forms, the individual Polyps of which are without esophageal 
tube or mesenteric folds. The sexual generation has the form either 
of small free-swimming Medus® provided with a velum (COraspedote 
Medus®@) or of medusoid generative buds (rudimentary Meduse) 
which remain attuched to the hydroid colony. 

The Polyps and polypoid forms are the asexual individuals. They 
form small moss- or tree-like stocks which are frequently surrounded 
by chitinous or horny tubes (cuticular skeleton). "These exoskeletal 
structures may become extended into eup-like hydrothec& surrounding 
the individual Polyps. The stem and ramified branches [e@nosark] 
contain a central canal which communicates with the gastrie space of 
each individual Polyp and polypoid appendage and contains the 
common nourishing fluid. 

The Polyps have no «sophageal tube, and the ciliated gastrie 
cavity is undivided by mesenteries. As a rule, the ectoderm and 
entoderm remain simple, and are only separated by a thin interposed 
supporting lamella which does not contain cells, The presence of 
elongated muscle fibres as processes of the ectodermal epithelial cells 
is very general (Hydra, Podocoryne), These muscles may, however, 

* L. Agassiz, “Contributions to the Natural History of the United States of 
America,” vol. ii.—iv., 1860—1862, G. J. Allman, “A Monograph of the 
Gymnoblastie or Tubularian Hydroids,” vol. i. and ii., London, 1871 and 1872. 


N. Kleinenberg, “ Hydra,” Leipzig, 1872, O. and R. Hertwig, “Das Nerven- 
sys.em und die Sinnesorgane der Medusen,” Leipzig, 1878, 





which case they are 
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be separated as an independent layer of nucleated fibre cells below 
the epithelium. 

The Polyps are not invariably alike, proliferous Polyps (or 
Blastostyles) being frequently found as well as the nutritive ones. 
The proliferous Polyps develop generative buds on their walls. The 
sterile Polyps may differ from one another in the number of tentacles 
and in their entire form, so that different kinds of individuals may 
be found on a single stock. Thus we find the polymorphism of the 
Siphonophora foreshadowed amongst the Hydroides (Podocoryne, 
Plumularia). 

The generative products are ai exceptionally developed in the 
Polyp body itself, in 


produced in the ecto- 
derm (Hydra). This 
exception is probably 
to be looked upon as 
an extreme case of 
degeneratiin of & 
medusoid bud. Asa 
rule the generative 
products are de- 
veloped in special 
medusoid buds [gono- 
phores] formed from 
both cell-layers. 

In the most simple 
cases the budding in- 


dividualsof thesexual y,,. 181. Podocoryne carnca (after C. Grobben). P, Polyp; 
generation contain & M, Medusa bud on the proliferating polyp; $, spiral- 


Alvartisulem: of the . M en skeleton Polyp (compare the free Medusa, 
gastrie cavity of the 

polyp-shaped parent or of the axial cavity of the hydroid stock. The 
generative products become accumulated around this diverticulum 
(Hydractinia echinata, Olava squamata). In a more advanced 
stage we find a mantle-like envelope enclosing the bud, and con- 
stituting the rudiment of the umbrella, with a continuous vascular 
lamella or with more or less developed radial vessels (Tubularia 
coronata, Eudendrium ramosum, Van Ben.) Finally, at the highest 
stage, the buds develop into small Medus® (Campanularia gelatinosa 
van Ben., Sarsia tubulose), which become free, and sooner or later, 
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often only after a long period of free life, in which they become 
much larger and undergo a metamorphosis, reach sexual maturity. 

The Medusz belonging to the order Hydromedus& are, with but 
few exceptions, distinguished from the Acalephe (Scyphomedus) 
by their smaller size—although certain forms, for example Aeguorea, 
may attain such a size as to have a diameter of more than a foot —and 
by their simpler organization. The number of their radial vessels is 
smaller (4, 6, or 8), their sense organs (marginal bodies) are not 
covered by folds of membrane (hence G'ymnophthalmata Forbes), and 
they have a muscular velum (hence Oraspedota Gegenbaur) (fig. 182). 
The generative products are always formed from the ectoderm, and 
originate on the walls of the radial canals or of the manubrium, but 
never, as in the Acalepha, 
in diverticula of the gastrie 
cavity. 

The hyaline gelatinous 
substance of our Medusz 
is, as a rule, structureless, 
and contains no cellular 
elements ; there may, how- 
ever, be fibres running per- 
pendicularly through it 
(Ziriope). "These fibres are 
probably derived from 
cell processes of the ecto- 
derm and entoderm, and 
have arisen contemporane- 


Fre. 182.—Phialadium variabilerepresented fromthe ously with the gelatinous 


underside of the umbrella. Y, Velum; O, mouth; : VER, 
Ov, ovary ; Ob, auditory vesicle; 2, tentacles on disc, which is itself to be 


the margin of the disc; Zw, marginal swellings, looked upon asan excretion 
product of the adjoining 





ectoderm and entoderm epithelium. 

The nerve-ring is placed at the edge of the dise at the point of 
insertion of the velum. It is covered by a sense epithelium com- 
posed of small cells bearing sense hairs, and has the form of a double 
fibrous cord containing ganglion cells. The larger upper nerve-ring 
runs above the velum, while the weaker nerve-ring, on the other 
hand, is placed below it. The lower nerve-ring is composed of larger 
fibres and larger ganglion cells ; bundles of fibrille pass off from it 
to supply the muscles of the velum and subumbrella, where they 
form a sub-epithelial plexus interspersed with ganglion cells, between 
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the muscular epithelium and the fibrous layer. The ganglion cells in 

the upper nerve-ring are smaller, and the fibrille given off from it 

pass to the tentacles. The fibrille of the sense nerves may be derived 

from both rings. The marginal bodies have long been recognised as 

sense organs, and are either eye spots (ocelli) or auditory vesicles ; 

hence the Hydromeduse may.be divided into two groups, the Ocellata 
‚ar Vesiculata. 

In the Vesiculata the auditory vesicles are situated at the edge of 
the under side of the umbrella, and contain one or more concretions 
(otoliths) which are formed in the interior of cells. Peculiar sense cells 
surround each vesicle-like cell containing a concretion. The curved 
hairs of these sense cells (auditory hairs) are in contact with the con- 
eretion vesicle. A nerve fibrilla enters the basis of the auditory 


cells (fig. 183). 


0 I oe The audi- 
Hr \ tory organs 
A: 9 of the Tra- 
RS chymedus« 





ZN, are placed 
— _Rg above the 
Fı@. 183.—Sense organ on the velum, and 
nerye-ring and circular vessel : = 
of Octorchis (after O. and R, are be En 
Hertwig). Zb, Sense organ; nection with 
0, O', two otoliths; Hh, audi- 
tory cilia; Hz, auditory cells; the upper 
Nov, upper nerve-ring ; Rg, eir- nerve rıng, 
cular vessel. (Typeoftheaudi. 
tory organ of the Vesiculata.) they have u 
the form of Fic. 181.—Auditory vesiole of Gery- 
small roiectin tentacl . onia (Carmarina), seen from the 

2 P 0) 5 j Ren furnished surface (after O. and R. Hertwig). 
with otoliths and auditory hairs. The N and N’, The auditory nerves ; 

s B Ot, otolith; Hz, auditory cells; 
tentacle muy‘ either Project freely en Hh, auditory cilia (type of the 
the surface (Trachymema), or, a8 in auditory organ of the Trachy- 
Geryonia, it may be placed in a vesicle "use). 

(fig. 184) which lies in the gelatinous substance of the dise and close 
to the edge of the latter. 

Separate sexes are almost invariably the rule, but it is rare to 
find that the colonies are diecious, .e., that male and female 
medusoids are developed in different colonies (Tubularia). Gemma- 
tion has occasionally been observed among the Medus® (Sarsia 

rolifera) and division (Stomobrachium mirabile . The larve of 
p 
Cunina, which are parasitic on the Geryonide, may also there give 
rise to a cluster of buds. 
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The development of the ovum, which is, as a rule, naked (.e., with- 
out a vitelline membrane), has hitherto only been completely followed 
'out in a few cases. In every case the segmentation seems to be com- 
plete, and leads to the formation of a segmentation cavity and a 
single-Jayered blastoderm [a single-layered blastosphere]. The 
latter gives rise to a second endodermal layer of cells, which lines 
the segmentation cavity. The segmentation cavity thus becomes 
converted into the gastrie cavity of the future polyp. The spherical 
or oval larva now either attaches itself and gives rise by budding 
to a small hydroid stock, or swims freely and develops directly into 
a small Medusa (Trachymeduse). 

The Medusa, after becoming free, usually undergoes a more or less 
fundamental change of form, which concerns not only the alteration 
caused by the enlargement of the umbrella and manubrium, but also 
the increase, according to definite laws, of the marginal tentacles, 
sense organs (7ima), and the radial canals (Aeguorea). We must 
remark, however, that the sexually complete Medus® exhibit very 
considerable variations in size, number of sense organs and tentacles 
(Phyalidium variabile, Olythia volubilis). 

The diffieulty of systematice arrangement is augmented by the fact 
that closely allied Polyp stocks can produce different sexual forms. 
Thus, for example, Monocaulus gives rise to sessile generative buds 
“ and Corymorpha to free Meduse (Steenstrupia). Medusz of identical 
structure also, which one would place in the same genus, may form 
the sexual generations of hydroid stocks belonging to different 
families (isogonism). There are also cases in which we find Meduse 
of closely allied genera, some developed from hydroid stocks by an 
alternation of generations, and others developed directly. Hence 
it appears just as little satisfactory to found a classification entirely 
upon the sexual generations as to pay attention to the asexual 
generation alone. 

(1) Sub-order: Zleutheroblastee. Simple hydroid Polyps without 
medusoid buds; both generative products are developed in the body- 
wall of the Polyp. 


Fam, Hydroide. Mydra, the fresh-water polyp. 2. viridis L., 2. fusca L., 
remarkable for great powers of reproduction. 


(2) Sub-order : Zydrocorallie. Coral-like hydroid stocks with cal- 
careous coenenchyma and tubular hydrothec® opening to the exterior 
by pores, Some of these contain the larger nutritive animals, while 
others contain animals without a mouth and beset with tentacles. 





HYDROZOA—HYDROMEDUS.KE, 241 


The latter are arranged usually in the form of a circle round each 
of the nutritive animals. The polyparia are found in the fossil state, 


Fam. Milleporide. NMillepora L. M. aleicornis L. 
Fam. Stylasteride. 


(3) Sub-order: 7ubularie (Ocellata). Polyp stocks which are 
either naked or clothed by a chitinous periderm without cup-shaped 
hydrothec® surrounding the polyp head. The generative buds 
arise on the body of the Polyp or on the stock. The Medus® which 
are set free belong to the genera Oceania, Sarsia, ete,, and have 
ocelli. 


Fam. Clavide. Polyp stocks with a chitinous periderm. Polyp elub-shaped, 
with scattered, simple, filiform tentacles. The generative buds arise on the 
Polyp body and for the most part remain sessile. Cordylophora Allm. The 
stock is branched;; there are stolons which grow over external objects. Oval 
gonophores covered by the perisarc. The animals are dicecious. In fresh 
water—(. lacustris Allm. albicola Kirchp., Elbe, Schleswig. The following 
are marine genera—Clava O. Fr. Müller. Allied are the Zudendride with 
Eudendrium ramosum. L. 

Fam. Hydractinide. Polyp stocks with flat extended coenenchyma and 
firm encrusted skeletal excretions. The Polyps are club-shaped, with a circle 
of simple tentacles. In addition to the latter there are large tentacle-shaped 
Polypoids (Spiralzooids). ZAydractinia van. Ben. The medusoid buds sessile 
on the proliferous animals, which are without tentacles. Z7. echinata Flem. 
Podocoryne Sars. (fig. 181). The generative buds are freed as Oceanide. 
P. carnea Sars. 

Fam. Tubularide. Polyp stocks clothed with a chitinous periderm. The 
polyps possess a circle of filiform tentacles on the proboseis inside the 
external eircle of tentacles. The generative buds arise between the two circles 
of tentacles. Tubularia L. The hydroid stocks form cereeping root-like branches 
at the bottom, from which arise simple or branched twigs with the terminal 
polyp heads ; the generative buds are sessile. 7. (Thamnoenidia Ag.) coronata 
Abilg. dieecious. Corymorpha Sars. The stalk of the solitary polyp is clothed 
with a gelatinous periderm, attaches itself by root-like processes, and con- 
tains radial canals which lead into the wide digestive cavity of the Polyp- 
head. The freed Medusa is bell-shaped, with one marginal tentacle, and 
bulbous swellings at the end of the other radial canals. C, nutans Sars., C. 
nana Alder. 


(4) Sub-order: Campannlarie (Vesieulata). The chitinous skeletal 
tubes widen out round the Polyp-head to form cup-like hydrothec. 
The Polyp-head, the oral cone (proboseis), and tentacles can be in 
most cases completely retracted into these hydrothec». 

The generative buds arise almost regularly on the walls of tlıe 
proliferous individuals, which have neither mouth nor tentacles. 
The buds are sometimes sessile, and sometimes become separated off 

16 
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as small vesiculate Meduse, with generative organs on the radial 
canals (Zucopide, @eryonopside, Aequoride). 


Fam. Plumularide. The hydrothec® of the branched hydroid-stocks are 
arranged in single rows ; those of the nutritive Polyp have small accessory 
calyces filled with nematocysts (nematocalyces). Plumularia eristata Lam., 
Antennularia antennina Lam. 

Fam, Sertularide. Branched Polyp stocks, the Polyps of which projeet in 
flask-shaped hydrothecz on opposite sides of the stem. Dynamena pumila L., 
Sertularia abietina, cupressina L. : 

Fam. Campanularide —Eucopide. The cup-shaped hydrothec® are placed at 
the end of ringed stalks, The Polyps possess a cirele of tentacles below their 
conical proboseis,. Campanularia Lam, The proliferous individuals are 
situated on the branches and give rise to free Meduse, bell-shaped, with a 
short manubrium with four lips, four radial canals, the same number of 
marginal tentacles, and eisht inter-radial marginal vesicles.. After separation 
theinter-radial tentacles are formed. C. (Olythia) Johmstoni=volubilis Johnst., 
probably with Hucope variabilis Cls. Obelia Per. Les., is distinguished from 
Campamularia by its Meduse. These are flat, disc-shaped Meduse with 
numerous marginal tentacles, but with eight inter-radial vesicles. ©. diehotoma 
L.=(Campanularia gelatinesa van Ben.), C. geniculata L., Laomedea Lamz. 
The generative buds remain sessile in the hydrotheca of the proliferous polyp=. 
L. caliculata Hincks. 

Fam. Aequoride, Wedus@ with numerousradial vessels and marginaltentacles, 


Aequorea Forsk. The Geryonopside are allied here Octorchis E. Haeck. 
Tima. 


(5) Sub-order: Trachymeduse. Meduse with firm, gelatinous 
umbrella, supported by cartilaginous ridges with stiff tentacles filled 
with solid rows of cells; these may be confined to the young stage 


(larve of @eryonide). Development by metamorphosis without 
hydroid asexual individual. 


Fam. Trachynemide&, with stiff marginal tentacles, which are scarcely capable 
of motion. Ihe genital organs are developed on vesicle-like swellings of 
the eight radial canals, Zrachynema eiliatum Ggbr. Rhopalonema velatum 
Ggbr., Messina. 

Fam. Aeginide. The hard cartilaginous umbrella has a flat, discoid shape, 
The extended digestive cavity has pouch-like enlargements in place of the 
radial vessels. The circular vessel is usually reduced to a row of cells. 
Cunina albescens Ggbr., Naples. Aegineta flavescens Gebr. 

Fam. Geryonide. Umbrella with cartilaginous mantle ridges and four or six 
hollow tube-shaped marginal tentacles. The manubrium is long, eylindrical. 
or conical, with a proboscis-like oral portion, and four or six canals which lead 
into the radial canal. The generative organs lie on the radial canals; eight or 
twelve marginal vesieles, Ziriope Less., with four radial canals, four or eight 
tentacles and eight vesicles. Z. tetraphylla Cham,, Indian Ocean, Geryonia 
Per. Les., with six radial canals without lingual cone. @. umbella E. Haeck,, 
Carmarina E. Haeck., with six radial canals and a lingual cone, E. Hacck. 
C', hastata, Nice. 
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Order 2.—SIPHONOPHORA.* 


Free-suimming polymorphous hydroid-stocks with contractile stem, 


with  polypoid 
nutritive indi- 
viduals and 
medusoid buds, 
usually also 
with mectocaly- 
ces, hyrophyllia 
and dactylo- 
zooids. 
Morphologi- 
cally the Sipho- 
nophora are 
directly allied 
to the hy- 
droid-stocks; 
butthey possess 
to a much 
greater extent 
than the latter 
the characters 
of individuals, 
in consequence 
of the highly 
developed poly- 
morphism of 
their polypoid 
and wmedusoid 
appendages. 
The functions 
of the latter 
seem so inti- 
mately con- 
nected and are 
so essential for 
the preserva- 





Fıs. 185.—Diagram of a colony of Physophorida, St, Stem; Ek, 
ectoderm; En, entoderm; Pn, Pneumatophor; Sk, nectocalyx 
being budded off; S, nectocalyx; D, hydrophyllium; @, gono- 
phore; 7, daetylozooid ; Sf, tentacle; P, polyp; O, mouth of the 
latter ; Nk, battery of nematocysts. 


tion of the entire colony that we may regard each colony of Sipho- 


* Besides Kölliker, C. Vogt, Huxley and others, compare C. Gegenbaur, 
*“ Beobachtungen über Siphonophoren,” Zeitschrift für wiss. Zool., 1353. C. 
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nophora physiologically as an organism and its appendages as 

organs. In this connection we may mention that the sexual medu- 

soid generation is so little independent that it only exceptionally 

(Velellide) reaches the morphological grade of the free-swimming 

Medusa. 

In place of the attached and ramified hydroid-stocks we find in 
N the Siphonophora a free-swimming con- 

tractile unbranched stem (hydrosoma), 
which is rarely provided with simple lateral 
branches. The upper end of the hydro- 
soma is frequently dilated to the form of 
a flask (pneumatophore), and contains an 
air chamber [pneumatocyst] (fig. 185). 
In every case there is a central space in 
the axis of the stem in which the nutritive 
Auids are kept in constant motion by the 
contractility of the walls and by the move- 
ments of the cilia. The air sac or pneu- 
matoeyst at the apex of the hydrosoma is 
connected to the chamber which contains it 
by radial septa, and in many cases attains 
a considerable size (Physalia). It fune 
tions as a hydrostatic apparatus, and in 
those forms, which have a long spiral 
hydrosoma (Physophoride), serves to keep 

« the body in an upright position. In some 
cases the gaseous contents can escape freely 
by one or more openings. 

Fic. 186, A portion ofithentem The appendages which are attached to: 
and appendages of Halistemma the spirally twisted bilaterally symmetrical 
tergestinum. St, Stem; D, hy- Su 3 5 
drophyllium; 7, dactylozooid, stem and whose cavities communicate with 
Sf, tentacle of the latter ; 179, that of the stem are of at least two kinds 
female, My, male, gonophores, ® 54% . > 

—(1) The polypoid nutritive animals with 
their tentacles ;.(2) the medusoid sexual buds. The nutritive Polyps 

(bydranths) are simple tubes provided with a mouth, and never 


m 





Gegenbaur, “Neue Beiträge zur Kenntniss der Siphonophoren,”” Nova Acta., 
Tom, XXVII, 1859. R. Leuckart, “ Zoologische Untersuchungen,” I., Giessen, 
1853. R. Leuckart, “Zur näheren Kenntniss der Siphonophoren von Nizza,” 
Archiv. für Naturgesch, 1854. C. Claus, “Ueber Halistemma tergestinum 
n, s, nebst Bemerkungen über den feineren Bau der Physophoriden,” Arbeiten 
aus dem Zoologischen Institut. der Univ. Wien, ete., Tom. I., 1878. E. Met- 
schnikofl, “ Studien über die Entwickelung der Medusen und Siphonophoren,’” 
Zeitsch, für wiss. Zool., Tom. XXIV., 1874. 
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possess a eircle of tentacles. They always, however, have a long 
tentacle arising from their base. This tentacle can be extended to a 


considerable length, and be retracted 
into a spiral coil. It rarely has a 
simple form, but, as a rule, it bears 
a number of unbranched lateral 
twigs, which are also very contrac- 
tile. These tentacles are invariably 
beset with a great number of nema- 
tocysts, which in many places are 
closely packed and have a regular 
arrangement. These aggregations 
of thread-cells are especially found 
on the lateral branches of the 





Fıg. 187.— Group of buds of a Physophor 
at the bottom of the pneumatophore. 
C, Central cavity; Sk, nectocalyx 
bud with the ectodermal ingrowth. 


tentacles, and give rise to large, brightly-coloured swellings, the 
batteries of nematocysts. The batteries show considerable variations 





FıG. 188.— Development of Agalmopis Sarsii (after Metschnikoff). a, Ciliated larva. b, Stage 
with developing hydrophyllium (D). c, Stage with cap-shaped hydrophylliium (D) and 
developing pneumatophore (Lf). d, Stage with three hydrophyllia, (D, D’, D"), polyp 


(P), and tentacle. 


in form in the various species, genera, and families, and such varia. 
tions afford valuable characters for systematic, laessifieation. 


"no 
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The second form of appendage, the gonophores, usually possess a 
bell-shaped mantle containing eireular and radial vessels, and surround- 
ing the central stalk or clapper (manubrium), which is filled with 
ova or spermatozoa. They usually arise in clusters at the base of the 
tentacles, more rarely from the nutritive Polyps themselves (e.g. in 
Velella). The male and female generative products always arise 
separately in differently shaped buds, but are usually found closely 
approximated on the same 
stock (fig. 186). There are, 
however, also diecious Sipho- 
nophora, or if the medusoid 
buds or gonophores beregarded 
as generative organs, Siphono- 
phora of distinct sexes, e.q., 
Apolemia wvaria and Diphyes 
acuminata. The ripe sexual 
Medusoids frequently become 
separated from the stock, &.e. 
after the development of the 
generative products, and only 
rarely become liberated as 
small Meduse (Chrysomitra in 
the Velellid@), which produce 
generative products during 
their free life. 

Besides the constant nutri- 
tive Polyps and medusoid 
gonophores, there are incon- 
stant appendages, which are 
also modified Polypoids or 
Medusoids. These are the 
mouthless worm-like dactylo- 





Fıs. 189.— Small larval stock of Agalmopsis after : S £ 
the type of Athorybia, Lf, Pneumatophore ; zolds (fig. 186), which, like 


D, hydrophyllium ; Nk, groups of nemato- the Polyps are provided with 
h 2 


cysts; P, polyp: 
a tentacle, which is, however, 


shorter and simpler, and has no lateral branches or aggregations 
of nematocysts; also the leaf-shaped hard cartilaginous hydrophyllia, 
which serve to protect the polyps, dactylozoids, and gonophores; and 
finally the appendages known as nectocalyces, which are placed beneath 
the pneumatophore. "The nectocalyces have a structure similar to 
that of the Medus®, though their bilateral symmetry is apparent ; 
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they are, however, without manubrium, mouth, tentacles, and sense 
organs. 

The deeply concave sub-umbrella surface of the nectocalyx is 
largely developed and has a very powerful muscular covering in rela- 
tion to its exelusively 
locomotive function. 
All the appendages are 
developed as buds formed 


of ectoderm and endo- 
derm, and containing a 
central cavity which 
communicates with the 
central space of the stem. 
In the nectocalyces and 
gonophores an ecto- 
dermal ingrowth gives 
rise to the covering of 
the sub-umbrella and to 
the generative products 
respectively (fig. 187). 

The ova, of which 
there is often only one 
in each female gono- 
phore, are large, and 
have no vitelline mem- 
brane, and, after im- 
pregnation, undergo a 
complete and regular 
segmentation. 

A nectocalyx (Diphyes) 
is the first structure 
formed in the free-swim- 
ming larva, or the upper 
part of the body of the 
larva gives rise to a cap- 


shaped protective cover Fıs.190.—Physophora hydrostatica. Pn, Pneumatophore ; 
P S, nectocalyces arranged in double rows on the swim- 
9x hy drophyllium as ming column; 7, dactylozoid; P, polyp (nutritive 
i i i ; Nk, gronps of nemato- 
3 eumato- individual) with tentacles, Sf; Nk,g 3 
wol a PR cysts on the latter ; @, clusters of generative buds. 





phore, and the under part 
becomes the primary nutritive polyp (Agalmopsis, fig. 188). Since 
new buds give rise to leaf-shaped hydrophyllia, a small stock with 


248 - 


I 


Kg 
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Pn, pneumatophore ; 


provisional appendages 
is formed which allows 
ustoregard the develop- 
ment of the Siphono- 
phora asa metamorphosis 
(fig. 188 and 189). 

The crown of hydro- 
phyllia, which is com- 
pleted by the addition of 
fresh hydrophyllia after 
the appearance of a 
tentacle with provisional 
groups of nematoecysts, 
persists only in Athory- 
bia, where a swimming 
column with nectocalyces 
is never formed. 

In Agalmopsis and 
Physophora the primary 
hydrophyllia of the larva 
fall off as the stem be- 
comes larger, and are 
replaced by nectocalyces. 

(1) Sub-order: PAyso- 
Stem short, 
extended in the form 
of a sac (fig. 190), or 
elongated spirally (fig. 
191), with a pneumato- 
phore, usually nectocaly- 
ces, which are arranged 
in two or more rows on a 
swimming column below 
the pneumatophore. 
Hydrophyllia and dacty- 
lozooids are usually 
present, and alternate 
with the polyps and 
gonophores in regular 
order. The body of the 
larva usually develops 


phoride. 


S. Nectocalyx; ?, polyp; D, hydrophylliium; N%, groups of nematocysts, 
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first a polyp with pneumatophore and tentacle beneath an apical 
hydrophyllium. The female gonophore has only one egg. 


Fam. Athorybiade. With a bunch of hydrophyllia in place of the swim- 
ming column ; resembling a persistent larval stage. Athorybia rosacea Esch., 
Mediterranean. 

Fam. Physophoride. s. str. Stem short and enlarged to a spiral sac 
beneath the swimming column with its double row of 
nectocalyces. No hydrophyllia but instead two outer 
bunches of dactylozooids with gonoblastidia, nutritive 
polyps and tentacles lying beneath them. Physophora 
Forsk., Ph. hydrostatica Forsk., Mediterranean (fig. 
190). 

Fam. Agalmide. Stem unusually elongated and 
spirally twisted. Swimming column with two or more 
rows of nectocalyces. There are both hydrophyllia and 
tentacles. Forskalia contorta M. Edw., Halistemma. 
Dactylozooids and hydrophyllia directly connected with 
the stem. In the ciliated larva a pneumatophore is 
first developed at the upper pole. H. rubrum Vogt, 
Mediterranean. ZH. tergestinum Cls. (fig. 191). Agal- 
mopsis Sarsii Köll., Apolemia wvaria Less., Mediter- 
ranean. Dicecious. 


(2) Sub-order : Physalide.—Stem dilated to 
forın a large chamber, the pneumatophore lying 
almost horizontally, containing a very large 
pneumatocyst opening to the exterior. Necto- 
calyces and hydrophyllia absent. On the ventral 
line of the sac are situated large and small 
nutritive polyps with strong and long tentacles. 
There are also clusters of gonophores attached 
to the tentacle-like polyps. The female buds 
seem to become free-swimming Meduse. 

Fam. Physalide. With the characteristics of the 


group Physalia Lam., P. caravella Esch. (Arethusa 
Til.), pelagiea, utrieulus Esch., Atlantic Ocean. 





(3) Sub-order : Calycophoride. Stemlongand Fie. 192.—Diphyes acn- 


2 m N i in minata, magmified 
Po ee Bropkars eg olarcı about 8 times. SD, 
with double row of nectocalyces (Hippopodidz) Fluid reservoir in the 

it) ; r 2 : upper nectocalyx 
or with two large opposed nectocalyces, more ae eyat), 


rarely with only one nectocalyx. There are no 

daetylozooids. The appendages arise in groups arranged regularly, 
and can be retracted into a cavity of the nectocalyx (fig. 192). Each 
group of individuals consists of a small nutritive polyp, a tentacle 
with naked kidney-shaped groups of nematocysts, and gonophores. 
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To these is usually added a funnel or umbrella-shaped hydrophyl- 
lium (fig. 192). These groups of individuals may in some Diphyids 
become free, and assume a separate existence as Eudoxia (fig. 193). 
The gonophores contain numerous ova in the manubrium, which 
often projects as a cone from the aperture of the bell. In the larva 
the upper nectocalyx is the first formed. 


Fan. Hippopodide. The swimming column has two rows of nectocalyces, 
and is situate on an upper lateral branch of the stem. The male and female 
gonophores are grouped in clusters and are situate at the base of the nutritive 
polyp. @leba Hippopus Forsk., Mediterranean. 

Fam. Diphyide. With two very large nectocalyces at the upper end of the 
stem and opposite to each other. Diphyes acuminata Lkt., diecious; with 
Budowia campanulata. Abyla pentagona Esch., with 
Eudowia cuboides, Mediterranean. Spheronectes 
Huxl.=Monophyes Cls., Sp. gracilis Cls. with Diplo- 
plıysa inermis, Mediterranean. 


(4) Sub-order: Discoidee. Stem compressed 
to a flat disc, with a system of canal-like spaces 
(central cavity). Above lies the pneumatocyst 
in the form of a disc-shaped reservoir of car- 
tilaginous consistenee composed of concentric 
canals opening to the exterior. The polypoid 
and medusoid appendages are situate on the 
under side of the disc. In the centre is a large 
nutritive Polyp, around which are a number of 
\ smaller ones. To the base of these small Polyps 
Fıc.109.—PartotaDi. Areattached the gonophores. The dactylozooids 

phyid(after R.Leuck are not far from the edge of the disc. The 
a wi a gonophores are set free as small Meduse (Ohry- 
mectocalyx; P,polyp somitra), which do not produce the generative 
with tentacles. The 


individual groups s- material till long after separation. 
parate as Eudoxia, 





Fam. Velellide. Velella spirans Esch., Mediter- 
ranean. Porpita mediterranea Esch. 


Order 3.—SCYPHOMEDUSE —= ACALEPHA.* 


Meduse of considerable size, with gastrie filaments. The edge of the 
umbrella lobed. The sense orgams covered. The embryonie stages are 
not hydroid stocks but Scyphistoma and Strobila forms. 

The Meduse® of this order are distinguished from those of the 
hydroid group by their considerable size and the great thickness of 


* Besides the works of Brandt, L. Agassiz, Huxley, Eysenhardt, compare 
v. Siebold, “ Beiträge zur Naturgeschichte der wirbellosen Thiere,” 1839, M. 
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their umbrella, the gelatinous cönnective tissue of which is richly 
developed and contains a quantity of strong fibrille and a network 
of elastie fibres, which structures confer upon it a greater firmness 
and rigidity. A 

Another characteristic of the group is derived from the structure 
of the edge of the umbrella. This is divided by a regular number 





Fıs. 194.—Aurelia aurita, from the oral surface. MA, The four oral tentacles with the mouth 
in the centre; Gk, generative organs; GH, aperture of sub-genital Pit; Ak, sense 
organ (marginal body); RG, radial vessel ; T, tentacle at edge of the disc. 


of indentations usually into eight groups of lobes between which the 
ense organs are contained in special pits (fig. 194). 

The marginal lobes of the Acaleph, like the continuous velum 
of the Hydromeduse, appear to be secondary formations at the edge 
of the disc. In the young stage known as Ephyra, which is common 
at least to all the Discophora, they are present as eight pairs of 


Sars, “Ueber die Entwicklung der Medusa aurita und Cyanea capillata,” 
Archiv. für Naturgeseh, 1841. H.J. Clark, ‘* Prodromus of the History, etc., of 
the Order Lucernaria,” Journ. of Bost. Soe. of Nat. TTist., 1863. 0. Claus, 
“Studien über Polypen und Quallen der Adria,” Denksehriften der k. 
Akademie der Wissensch. Wien, 1877. C. Claus, * Untersuchungen über 
Charybdea marsupialis,” Arbeiten aus dem Zool. Institut, Wien, 1878. Also 
E. Haeckel, 1, c. 
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relatively long tongue-like processes, and grow out from the disc-like 
seements of the Strobila as marginal cones. An undivided mar- 
ginal membrane (the velarium), differing from the velum of the 
Craspedota [in containing prolongations of the canals of the gastro- 
vascular system], is present in the ('karybdeide alone. 

The Acalepha differ from the Zydromeduse in possessing, as a rule, 
large oral tentacles at the free end of the wide manubrium. These 
may be regarded as being derived from an unequal growth of the 
edges of the mouth. They grow as four arm-like processes of the 
manubrium from the angles of the mouth, and are placed radially, 





Fıc. 195.—Diagrammatie lonzitudinal section through a ARhizostoma. U, Umbrella; M, 
gastrice cavity; S, sub-umbrella; G, genital band; SA, sub-genital pit; 7, filament; 
SM, muscle system of the sub-umbrella; Agf, radial vessels; Ak, sense organs; 
Rg, olfactory pits; Al, ocular lobe; Sk, shoulder tufts; Dk, dorsal tufts; Yk, ventral 
tufts of the eight arms ; Z, terminal parts of the arms. 


i.e. they alternate with the genital organs and gastrie filaments. 
In some cases the arms become forked at an early period, and four 
pairs of arms are formed, the lobed tufted edges of which may again 
divide and sub-divide into many branches. In this case, the margins 
of the mouth and the opposed surfaces of each pair of arms fuse in 
early life in such a way that the original central mouth becomes 
obliterated, and in its place there are developed a number of small 
tufted orifices on the peripheral parts of the arms, through which 
nutriment is taken in (Ahizostomider, fig. 195). 
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The form of the gastrovascular apparatus exhibits considerable 
differences, which in the Discophora may be considered as modifica- 
tions of the Zphyra type. The flat disc of the Ephyra, which 
is split into eight pairs of lobes, contains a central gastrie cavity 
into which the canal of the short, wide, four-cornered manu- 
brium leads. From this central cavity there diverge eight canal- 
like peripheral diverticula (radial pouches), between which there are 
formed sooner or later in the vascular lamella the same number of 
short intermediate canals (intermediate pouches). The radial and 
intermediate canals sometimes become enlarged, as in Pelagia and 
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Fıe. 196. Section through the olfactory pit, the sense-organ (marginal body) and its nerve 
centre, of Aurelia aurita. R, Olfactory pit; Z, lobe of the umbrella covering the 
sense organ; P, eye spot; Of, otolith of the auditory sac; Z, cells after solution of the 
otoliths ; En, entoderm ; Ec, ectoderm with the underlying layer of nerve fibrill®, F. 

Ohrysaora, so as to form unusually broad gastrie pouches separated 

by thin septa and without any communication with each other at 

the periphery. Sometimes, however, they become transformed into 
narrow vessels, between which, in the broad intervening septa, there 
is secondarily developed during the subsequent growth by a separa- 
tion of the two layers of the vascular-lamella, a rich network of 
anastomosing canals, and near the edge of the disc a circular canal 
(Aurelia, Rhizostoma). 


254 CELENTERATA. 


The gastrovascular apparatus of the cup- or beilshaped Calycozoa 
and O'harybdeide differs from the types above described, and re- 


sembles that of the more primitive Scyphistoma stage, in that the 


gastrie cavity presents only four peripheral vascular pouches, which 
are very wide, and separated by extremely thin septa. 

The worm-like movable tentacles of the gastrie cavity, the gastrie 
filaments, which are not found in any Yydromeduse afford an im- 
portant distinetive mark. They correspond to the so-called mesenterie 
filaments of the Anthozoa, and afford the same aid to digestion 
through the secretion of their glandular entodermal covering. In 
every case they are attached to the sub-umbrella wall of the 
stomach, and fall in the four radii of the generative organs (radii of 
the second order), which alternate with the radii of the angles of the 
mouth, or radii of the first order. They usually follow the inner 
edge of the generative organs in a simple or convoluted curved line. 

The existence of the nervous system of the Acalepha has only 
recently been demonstrated with certainty. It has been proved that 
the centres of the nervous system are contained in the ectoderm of 
the stalk and base of the marginal bodies, and consist of a considerable 
layer of nerve fibrille deep in the ciliated ectodermal epithelium, 
the nerve cells of which are elongated in the form of a rod, and bend 
round at their basal extremities to be continued directly into the 
nerve fibrille (fig. 196). There is in addition a widely distributed and 
important peripheral nerve plexus in the muscles of the sub-umbrella. 

Up to the present time no investigations have completely elucidated 
the manner in which this nerve plexus is related to the nerve centres 
of the marginal bodies, and how the latter are connected with one 
another. The existence of a nerve ring on the sub-umbrella surface 
has been proved only for the C’harybdeide, in which the edge of the 
dise is not notched (fig. 169). The antimeres of the Acalepha show 
in all cases a great degree of individuality, and, when eut off, are able 
to live for a considerable time. 

The marginal bodies, as well as the pit-like depressions on the 
dorsal side of the excavations in which the marginal bodies are 
placed (olfaetory pits), must be considered as sense-organs. 

The marginal bodies are morphologically the remnants of reduced 
tentacles. They may be seen on the under side of the umbrella in 
the stage of the Zphyra, and are overgrown by portions of the edge 
of the umbrella (Steganophthalmata). [They contain a central canal 
lined by endoderm and continuous with the gastro-vaseular system 
of the dise, fig. 196]. They appear in all cases to unite the functions 
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of oeular and auditory apparatus. The auditory function is provided 
for by a large sac containing erystals, which originates from the cells 
of the entoderm ; while the eye consists of a mass of pigment lying on 
the dorsal or ventral face, and nearer the end of the stalk. In some 
exceptional cases (N: ausitho&) it is provided with a refractile euticular 
lens. But it is in the Charybdeid» that the sense body reaches the 
highest development ; for in them, in addition to the terminal sac 
of otoliths, there is also present, in the wall of the dilated vascular 
space of the papilla, an extremely complicated visual organ, formed 
of four small paired and two large unpaired eyes, in which lens, 
vitreous body, and retina can be distinguished. 

The four generative organs of the Acalepha can be easily dis- 
tinguished in consequence of their size and their bright colouring. 
In some cases, at any rate in the Discophora, they protrude as folded 
bands into special cavities in the umbrella, the so-called sub-genital 
pits (hence the term Phanerocarpe Esch.) In all cases these bands 
lie on the lower (sub-umbrella) wall of the digestive cavity (figs. 194, 
195), from which they originate as leaf-like prominences. Ihe 
upper surface is covered with gastric epithelium ; the under, which 
is turned towards the sub-umbrella, with germinal epithelium, the 
elements of which, in the process of development, pass into the 
gelatinous substance of the band. 

The formation of the cavities in the sub-umbrella of the Discophora 
is due toa local growth of the gelatinous substance of the sub-umbrella; 
in some cases, however, they may be completely absent (Discomedusa, 
Nausithoe). The mature generative products are dehisced into the 
gastrie cavity, and pass out through the mouth; but in many cases 
the ova undergo their embryonie development either in the ovary 
(Ohrysaora) or in the oral tentacles (Aurelia). Separate sexes are 
the rule. Male and female individuals, however, apart from the 
colour of their generative organs, have only slight sexual differences, 
as, for instance, the form and length of the tentacles (Aurelia). 
Chrysaora is hermaphrodite. 

In the Discophora the development is generally accompanied by 
an alternation of generations; the asexual generations being repre- 
sented by the Scyphistoma and Strobila; but in exceptional cases 
it is direet (Pelagia). Im all cases a complete segmentation leads 
to the formation of a ciliated larva, the so-called planula, which 
attaches itself by the pole which is directed forwards in swimming. 
This pole is, however, opposite to the gastrula mouth, which in 
the meantime becomes closed, while round the mouth, which is 
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formed as a perforation at the free end, the tentacles appear. As 
in the embryo Actinia, two opposite tentacles first make their 
appearance ; not, however, simultaneously, the one appearing after 
the other, so that the young larva about to develop into the Scyphis- 
toma presents a bilaterally symmetrical structure. Subsequently 
the second pair appear in a plane at right angles to the plane of 
the first tentacles. These four tentacles mark the radii of the first 
order. Then alternating with these, but in a less regular suc- 
cession, the third and fourth pairs appear ; and soon after in the 
plane of these latter four longitudinal folds of the gastrie cavity 
are developed (radii of the second order or of the gastrie filaments 
and genital organs). 

The eight-armed Scyphistoma soon produces eight fresh tentacles, 
which succeed one another in irregular succession, and alternate with 
the tentacles already present. Their position determines the inter- 
mediate radii of the future young Discophor or Ephyra. After the 
formation of the cirele of tentacles and the secretion of a clear basal 
peridern (Ohrysaora), the Sceyphistoma is capable of reproduction 
by fission and gemmation. At first the Scyphistoma appears to 
multiply only by budding ; the second mode of reproduction, the 
process of strobilization, begins later. This consists essentially in the 
fission and division of the anterior half of the body into a number 
of segments, thus changing the Scyphistoma to a Strobila. The 
separation of the segments progresses continuously from the anterior 
end to the base of the Strobila, so that after the disappearance of the 
tentacles, first the terminal segment, then the second, and so forth, 
attain independent existencee. Each segment becomes an Ephyra, 
developing eight pairs of elongated marginal lobes, with a marginal 
body in the notch which separates the two lobes of the same 
pair. It is these marginal lobes which give to the edge of the 
umbrella of the Ephyra its characteristie appearance, The young 
Ephyra gradually acquires the special peculiarities of form and 
organization of the sexually mature animal (vide figs. 113 a—h). 

The number of nematocysts accumulated on the upper surface of 
the disc and on the tentacles of many Medus® enable them to cause 
a perceptible stinging sensation on contact. Many, 0.9. Pelagia, are 
phosphorescent. According to Panceri, this phenomena originates in 
the fat-like contents of certain epithelial cells on the surface. 

In spite of the delicacy of their tissues, certain large Meduse 
have left impressions in the lithographie slate of Sohlenhofen 
(Medusites circularis, etc.) 


} 
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(1) Sub-order: Calycozoa (Cylieozoa). 

Cup-shaped Acalepha attached by their aboral pole. They have 
Four wide vascular pouches separated by narrow walls, and eight arm- 
like processes beset with tentacles on the edge of the umbrella. 

The Calycozoa are best considered in their relation to the Scyhis- 
toma. They may be looked upon as Scyphistoma deprived of 
their tentacles, which indeed are only transitory structures, and 
elongated so as to assume the form of a cup, and changed in 
several particulars which are characteristic of the medusa stage. 
The four septa arise by the fusion of the four gastrie folds with 
the wide oral dise, which becomes drawn in and concave like a sub- 
umbrella. These four septa separate the same number of gas- 





FıG. 197.—a, A Culycozoon (Lucernaria) from the oral surface magnified about 8 diameters. 
S, Septa of the four gastrie pouches; Z, longitudinal muscle fibres with the genital band; 
Et, marginal tentacles. d, The Calycozoon seen from the side ; @, Genital organs; Gw, 
gastric fold in the stalk; at the base is the foot gland. 


trovascular pouches ; while the margin of the cup is drawn out into 
eight arm-like processes, from which groups of short, knobbed 
tentacles arise (fig. 197). 

The genital organs extend on the oral wall of the umbrella into 
the arms as eight band-shaped, plicated ridges. They run along in 
pairs at the lower part of each septum in the gastrie cavity. The 
ovum, according to Fol, undergoes a complete segmentation, which 
results in a single-layered blastosphere. This becomes an oval, two- 
layered larva, which becomes ciliated, swims freely about, and finally 
attaches itself. The further development probably takes place 


directly without alternation of generations. 
12 
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Fam, Lucernaride. Zucernaria O. 


Fr. Müller, Calycozoa with four radial 


chambers ; without genital pouches, and without the accessory chambers of 


the digestive cavity alternating with 


these. ZL. quadricornis O. Fr. Müller, 


campanulata Lmx. Craterolophus Clark, with genital pouches and four 











Fıs. 199.—Charybdea marsupialis, natural 
size. 7, Tentacles; Rk, marginal bodies 
(sense Organs); Ov, ovaries. 





chambers of the gastrie cavity alterna- 
ting with them. Or. Leuckarti Tschh. 
=helgolandica Lkt., Heligoland. 

The Zucernaria are without exception 
marine animals, and are remarkable for 
their great reproductive power. Accord- 
ing to A. Meyer, if the stalk be cut off, 
the cup reproduces a new one, and 
injured individuals, and even excised 
pieces, can become perfect animals. 


(2) Sub-order : Marsupialida 
(Zobophora). 

Tetra-radiate Acalepha having a 
Four-sided pouch-like form. The 
velum has a smooth margin, and 
contains vessels |prolongations of 
the gastro-vascular system]. On the 
margin of the disc there are four 
vertically placed lobe-like appen- 
dages. There are four covered sense 
organs, and the same number of 
vascular pouches separated by nar- 
row partition walls. 

The O'harybdee are distinguished 
by the deep bell shape of their body, 
and were formerly reckoned as 
“ Craspedota ” among the Hydro- 
meduse, with which they certainly 
have some characteristics in com- 
mon. Amongst these character- 
isties the most striking is the 
possession of asmooth-edged velum, 
which, however, contains vessels. 
On the other hand, the presence of 
the gastrie filaments and of the 
large sense organs enclosed in 


niches points to a relationship with the Acalepha,; and this view is 
supported by the character of their whole structure, in which the 
peculiarities of the Zucernaride are perceptible, though greatly 
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modified. Asin Zucernaride, the vascular spaces are wide pouches 
divided from each other by four narrow septa (figs. 198, 199). 

The nervous system is allied to that of the Yydromeduse by the 
presence of a sharply defined nerve-ring. This nerve-ring is placed 
on the sub-umbrella side of the bell, and, since at the bases of the 
four sense organs it lies further from the margin than it does at the 
corners of the bell, it has a sharply marked, zig-zag course. The 
nerve fibrille given off from it mostly supply the muscular system of 
the sub-umbrella, and there give rise to numerous reticula of fibrille 
connected with large ganglion cells. Large bundles of fibrille com- 
parable to nerves have only been found in the four radii of the mar- 
ginal bodies. The latter attain a high degree of development, since 
the knob-like swelling in which they terminate possesses, in addition 
to the lithocyst, a complicated visual apparatus consisting of two 
large unpaired median eyes and four 
small paired lateral eyes. 

The generative organs have a very 
peculiar form. They are separated 
from the gastrie filaments and as 
thin, rather broad plates attached in 
pairs to the four partition walls, 
reach the whole length of the 
vascular pouches. Unfortunately 
nothing is as yet known of the 
development. 





Fam. Charybdeide. Charybdea mar- Fig. 199.—The apicalhalf of a Charybdea 
supialis Per. Les. (Marsupialis Planei divided transversely, seen from the 


% Medit. sub-umbrella side. The four oral 
€3.) Mediterranean, arms are visible. Ov, Ovaries on the 


four septa, S; Ost, ostia of the gas- 
tric pouches; Gf, gastric filaments. 


(3) Sub-order: Discophora (Acra- 
speda), Ephyra-meduse. 

Disc-shapedl Acalepha, the margin of whose disc is divided into eight 
lobes. They have at least eight sıb-marginal sense organs contained in 
miches, and with the same number of ocular lobes. As «a rule there are 
four great cawities in the umbrella for the generative orgums. 

The Discophora, which are generally known simply as Acalepha, 
can at once be distinguished from the Calycozoa and the Oharybdeide 
by the disc-shaped lobed umbrella and usually by the large size of 
the oral tentacles. The lobes of the umbrella, however much they 
may differ in detail, can always be reduced to the eight pairs of 
lobes of the Ephyra, which, as the common starting-point of the 
Discophora, presents most elearly the eight-rayed symmetry char- 
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acteristic of the group. The striped muscles of the sub-umbrella 
are strongly developed to correspond with the great size of the body ; 
and beneath them the supporting lamella is usually thrown into a 
number of closely aggregated circular folds, thus causing a consider- 
able increase in the surface on which the muscular epithelium with 
its circularly arranged fibres are placed. 

The generative organs have the form of horse-shoe shaped frills 
which projeet into four widely open cavities in the sub-umbrella, 
the sub-genital pits. These cavities are not developed in some ex- 
ceptional cases (Nausithoe, Discomedusa). The geıminal epithelium, 





FıG. 200.—Aurelia aurita, seen from the oral surface. MA, The four oral arms with the 
_ mouth in the centre; G%, The genital frills; GH, Openings of the sub-genital cavities ; 
ZRk, Marginal bodies; RG, Radial vessels; 7, Tentacles on the margin of the disc. 


which is always embedded in the gelatinous substance, is covered 
with an endodermal layer, and is probably itself an endodermal 
product (fig. 200). Development takes place by alternation of gene- 
rations. In rare cases (Pelagia) the development is simplified, and 
the larva passes directly into the Zphyra, missing out the attached 
Scyphistoma and the Strobila stage (Arohn). 

l. Sem@ostomew. Discophora with large central mouth sur- 
rounded by four large often multi-lobed oral arms. The form of the 
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umbrella edge, the number of lobes and marginal tentacles present 
great variations. 


Fam. Ephyropside, Zphryopsis, Gebr. (Nausithoe Köll). Disc small and 
like that of Zphyra, with simple gastric sacs, without oral arms, but with eight 
marginal tentacles. The genital organs (in four pairs) do not lie in umbrella 
cavities, D. pelagica Köll., Mediterranean and Adriatic, 

Fam. Pelagide. Pelagia Per. Les. With wide gastrie pouches and eight 
long marginal tentacles in the interradii. No alternation of generations. P. 
noetiluca Per. Les., Mediterranean. Chrysaora Per. Les., with twenty-four 
long marginal tentacles. The radial and intermediate gastrie pouches are per- 
ceptibly different. Chr. iysoscella Esch. Hermaphrodite, North Sea and 
Adriatic. 

Fam. Cyaneid®e. Cyanea Per, Les. The tentacles are united in bundles on 
the under surface of the deeply lobed thick dise. There are sixteen (eight 
radial and eicht intermediate) more or less wide gastrie pouches, which break 
up near the end of the marginal lobes into small ramified vessels. (C; capillat«. 
Esch. 

Fam. Aurelide. Discomedusa Cls. With large oral arms, with branched 
vessels and 24 marginal tentacles, Subgenital pits present. D. lobata Cls., 
Adriatie. Aurelia Per. Les., with branched radial vessels and edge of dise 
fringed with small tentacles. A. aurita L. (Medusa aurita L.), Baltic, North 
Sea, Adriatic, etc. A. flavidula Ag., coast of North America, 


2. Rhizostomee. No central mouth, funnel-shaped slits in the 
eight oral arms and eight, rarely twelve, marginal bodies on the lobedl 
margin of the disc. There are no marginal tentacles.. The central 
mouth, which is at first present, becomes closed during the larval 
development by the fusion of the edges of the lips. Funnel-like splits 
are formed on the folded edges of the four pairs of arms, the so- 
called suctorial mouths, by means of which mieroscopie bodies are 
received into the canal system of the oral arms (fig. 195). 

Rhizostoma Cuv. The arms end in simple tubular prolongations, and bear 
accessory tufts at their bases. Ah. Cwieri Per. Les., Cephea Per. Les. The 
branched oral arms have groups of nematocysts and long filaments between 


the terminal tufts. Cephea Per. Les. (Cassiopca) borbonica Delle Ch,, Medi- 
terranean and Adriatic, 


CLASS IIL—CTENOPHORA.* 


Meduse of spherical or eylindrical, rarely band-shaped form ; with 
eight meridional rows of vibratile plates formed of fused cilia. They 


* C. Gegenbaur, “Studien über Organisation und Systematik der Cteno- 
phoren,” Archiv. für Naturgesch., 1856. NL. Agassiz, “ Contributions to the 
Natural History of the United States of America,” vol. iii., Boston, 1860. 
A. Kowalevski, “ Entwickelungsgeschichte der Rippenquallen,” Petersburg, 1866. 
H. Fol, ‘“Ein Beitrag zur Anatomie und Entwicklungsgeschichte einiger Rip- 
penquallen,” Inaugural dissertation, Jena, 1869. A. Agassiz, “ Embryology 
of the Ctenophorz,” Cambridge, U.S., 1874, C, Chun, ‘“Die “tenophoren des 
Golfes von Neapel,” Leipzig, 1880. 
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possess an @sophageal tube and a gastro-vascular canal system. Tro 
lateral tentacles, which cam be retracted into pouches, are often present. 

The Ctenophora posses a shape which can in all cases be 
reduced to a sphere. They are radially symmetrical free-swim- 
ming Celenterata of gelatinous 
consistene. The body is often 
bilaterally compressed, so that it is 
possible to 
distinguish 
two planes 
passing 
through the 
long axis at 
right angles 
Fıe. 201.—Oydippe, seen from the OT 

apical pole. S, Sagittal plane; 7, other; these 


transverse plane; 2, swimming 2. 
plates; @f, gastro-vascular system. arethe Buy) u 
tal planeand 


the transverse plane, and are analogous 
to the median (longitudinal vertical), and 
lateral (longitudinal horizontal) planes of 
bilaterally symmetrical animals (fig. 201). 
The arrangement of the internal organs 
bears a relation to these two planes. All 
parts of the body which occur in pairs, as 
the two tentacles, the gastrie canals, the 
hepatic bands of the stomach, and the 
vessels which give origin to the eight lateral 
canals, all lie in the transverse plane, while 
the sagittal plane coincides with the longer 
axis of the esophageal (gastrie) tube (whence 
also called the gastrie plane), the two so- 
called polar-fields, and the terminal vessels 
of the infundibulum. 

The infundibulum is so compressed that pie. 202.—Cyaippe (Hormipkora) 
its longest diameter falls in the lateral ern (after Chun). O0, 
plane, which on this account is sometimes ; 
valled the infundibular plane. Since these two planes divide the body 
into halves, which eorrespond with one another, and since there is no 
division into dorsal and ventral surfaces, the arrangement of the 
body may be said to be bi-radially symmetrical, but cannot be called 
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bilaterally symmetrical, although each half possesses this property. 
The body is divided by these two perpendicular planes into four 
similar quadrants. 

Locomotion is principally effected by the regular vibration of the 
hyaline swimming plates, which are disposed over the surface of the 
body in eight meridional rows, in such a way that each quadrant 
possesses two rows of plates, a transverse and a sagittal (fig. 202). 
Locomotion is also assisted by the contractility of the muscle fibres 
of the gelatinous tissue; this contractility in the band-shaped 
Cestide causes an undulating motion of the whole body. 

The mouth, which is sometimes surrounded by umbrella-shaped 
lobed processes of the gelatinous tissue, leads into a wide (Beroe) or 
narrow «sophageal tube, which in the latter case soon becomes 
flattened and broad. The osophageal tube is furnished with two 
hepatie bands, and com- 
municates posteriorly, 
by an opening capa- 
ble of being closed by 
muscles, with the gastrie 
cavity, or, as it is com- 
monly called, the in- 
fundibulum. The long 
«sophageal tube projects 
and opens freely into 
the infundibulum, and 
2 Fıa. 203.—Aboral end of Callianira bialata (after R. 
15 completely surrounded Hertwig). x, The two polar spaces; w, the beginning 
by the gelatinous sub- of the eight rows of swimming plates, between which 

4 the otolith vesicle and the nerve plate are seen. 
stance, as far as the level 
of the two longitudinal vessels which accompany the two lateral 
surfaces in the transverse plane. 

The infundibulum, which is in all cases compressed in a direction 
at right angles to the @sophageal tube, gives off eight vessels to 
the swimming-plates. These vessels have a bi-radial symmetry. It 
also gives off two vessels, which are dilated into two terminal sacs ; 
the latter surround the sense-organ at the aboral pole, which is 
known as the otolith vesicle, and each of them opens to the exterior 
byan orifice which is placed in a diagonal plane and is capable of 
being closed. Two tentacular vessels may arise from the bottom of 
the infundibulum. The internal surface both of the esophageal tube 
and of the infundibulum and its vessels seem to be completely clothed 
with eilia. 
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Up to the present time, the nervous system of the Ctenophora 
(fig. 203) is but imperfectly known. There is no doubt that the 
large vesicle found at the aboral pole, with its clear fluid and 
vibratile otoliths, is a sense-organ ; it is also exceedingly probable, 
taking into consideration the organization of the Acalepha, that 
the central nervous system of the (tenophora is contained in the 
thickened base of the vesicle, the Otolith plate, especially as the latter 
is also celosely united with a second sense-organ, the sagittal polar 
areas, which have already been described by Fol as olfactory organs, 
and is also directly connected with the swimming plates by eight 
ciliated grooves. 

True nematocysts are but seldom found in the ectoderm of the 
Ötenophora, but they are represented by 
peculiar fixing or prehensile cells, the base 
of which is prolonged into a spirally coiled 
thread, while the projecting and convex free 
end (fig. 204) is of a glutinous consistence, 
and becomes readily attached to any object 
which touches it. 

The Ctenophora are hermaphrodite. Both 
kinds of generative products arise on the wall 
of the vessels of the swimming plates or of 
blind sac-like diverticula of the same. Some- 
times their production is localised (Cestum) ; 
sometimes they originate along the whole 
Fıc. 204. _8mooth muscle Jength of the canals, one side of the latter 

fibres, prehensile cells being beset with egg-follicles, the other with 

(kf), and tactile cells (b), ” € 

from the lateral flaments Sperm-sacs (Beröe). The germ layers, which 

of the tentacle of Euplo- arise from the ectoderm, are covered by 

camis stationis (after R. R R 

Hertwig). kf', Prolongn- entodermal epithelium, and are separated 

Se ran, from one another by a projecting fold. 

Ova and spermatozoa pass into the gastro- 
vascular cavity, and are ejected through the apertures of the 
same. 

The fertilized ovum, which is enclosed by a loosely fitting 
membrane, consists, as in the case of many Meduse, of a thin outer 
layer of finely granular protoplasm (exoplasm) and a central food 
yolk (endoplasm), containing vacuoles. The segmentation, which is 
complete, leads to the formation of two, four, eight segmentation 
spheres, each of which, like the original ovum, consists of a central 
mass, surrounded by a thin layer of finely granular protoplasm. In 
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the stage with four segments, the segments are so disposed that two 
perpendicular planes placed between them would correspond to the 
two principal planes of the fully developed animal. Fach of the four 
spheres gives rise to one of the four quadrants of the adult animal 
(Fol.) The whole mass of the finely granular exoplasm now becomes 
‚eollected at the upper end of the segmentation spheres, where it is 
separated off and gives rise to eight new small spheres. These, by 
continued division, break up into a great number of small nucleated 
eells, which increase rapidly and grow round the eight large seg- 
mentation spheres or the cells produced from them. 

The young Ctenophora sooner or later leave the egg membranes, 
and at this period differ more or less from 
the sexually mature animal in the simpler 
and usually more spherical form of the 
body, in the small size of the tentacles 
and swimming plates, and in the differ- 
ence in the relative size of the &sophageal 
tube, infundibulum, and vascular canals. 
The differences are most striking in the 
lobed Ctenophora (with the exception of 
Cestum), the embryos of which have a 
great similarity to the young of C'ydippe, 
and have no traces of bi-radial structure. 
It is only after a longer period of larval 
life that the completely mature form is 
attained by the unequal growth of the 
swimming plates and their canals, the out- 
growth of the tentacle-like processes, and 
the formation of two lobe-like projections za. 205.— Berös ovatus, Of, 
round the mouth from those halves of the Lithocyst, at its sides are the 

5 small tentacles of the polar 
body which correspond to the longer rows ars Du man, 
of swimming plate. The phenomenon 
remarked by Chun is worthy of notice, that the young of Zucharis, 
while still in the larval stage, become sexually mature during the 
hot period of the year. 

The Ctenophora live in the warmer seas, and, under favourable 
conditions, often appear in great quantities at the surface. They 
feed on marine animals of various size, which they capture with 
their tentacles. Many, as the Beroide, which do not possess tenta- 
les, are compensated for this deficieney by the possession of an 
unusually large mouth (fig. 205), by means of which they are able 
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to receive relatively large bodies, even fishes, into the wide @sophageai 
tube, and to digest them. Although the average size is small, some 
of them, as (’estum, Hucharis, reach the length of a foot. 


Fam. Cydippide. Body slightly compressed, spherical or eylindrical, with 
extremely regular development of the swimming plates. Their structure is 
therefore apparently octoradial. They possess two tentacles ; the vessels ofthe 
stomach and swimming plates end blindly., Cydippe hormiphora Gebr. = 
Iormiphora plumosa Ag., Mediterranean. Zschscholtzia cordata Köll., 
Mediterranean. 

Fam. Cestid®. - Body elongated to the form of a band in the direction of the 
sagittal plane. Two tentacles. Vexillum parallelum Fol., Canary Isles. 
Cestum Veneris Less., Venus’ Girdie, Mediterranean. 

Fam. Lobate. The laterally compressed body possesses two umbrella-like 
lobes near the mouth, and has relatively small tentacles. Zurhamphaea veril- 
ligera Ggbr., Mediterranean and Atlantic Ocean. Chiaja papillosa, M. Edw. 
(Aleinöe papillosa Delle Ch.= Neapolitana Less.), Mediterranean. 

Fam. Beroide. Characterised by the laterally compressed body with fringe- 
like appendages on the periphery of the polar spaces ; without tentacles. 
Beröe Forskalii M. Edw. (albescens and rufescens Forsk.), Idyiopsis Clarki 
Ag., Pandora Flemmingiü, Esch. 





CERASPIIHIR, SVEN. 
ECHINODERMATA.* 


Animals with a radial, usually pentamerous arrangement. They 
possess a skin bearing spieules and indurated by calcareous deposits, a 
digestive camal, a water-vascular apparatus, and a true vascular system. 

The radial arrangement of the Echinoderms was for a long time 
‚ held to be a character of typical value, and was the principal reason 
why, since the time of Cuvier, the Echinoderms were included in 
one group, the Zadiata, with the Medus® and Polyps. It is only 
in recent times that R. Leuckart has effected the separation of the 
Echinoderms from the Cellenterates. 

The organization of the Echinoderms does in fact appear so different 
from that of the Ccelenterates, and seems to belong to a so much 
higher grade of development, that the combination of the two groups 


* Fr. Tiedemann, ‘“ Anatomie der Röhrenholothurie, des pomeranzfarbenen 
Seesternes und des Stein-Seeigels,” Heidelberg, 1820. Joh. Müller, “ Uber den 
Bau der Echinodermen,” Abh. der Berl. Akad, 1853. Joh. Müller, “ Sieben 
Abhandlungen über die Larven und die Entwickelung der Echinodermen.” Abh.. 
der Berl. Akad, 1846, 1848, 1819, 1850, 1851,1852, 1854. A. Agassiz, “ Embryo- 
logy of the Starfish.” Contributions, ete., Vol, V. 1864. E. Metschnikoff, 
“Studien über die Entwickelungsgeschichte der Echinodermen und Nemer- 
tinen,” St. Petersburg, 1869. H. Ludwig, “ Morpholoögische Studien an 
Echinodermen,” Leipzig 1877 and 1878, 
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as Radiata is inadmissible, and so much the more so since the radial 
arrangement of the structure exhibits some transitions towards a 
bilateral symmetry. The Zchinodermata are separated from the 
Oelenterata by the possession of a separate alimentary canal and 
vascular system, and also by a number of peculiar features both of 
organization and of development. 

The arrangement of the parts round the axis of the body is usually 
pentamerous. Nevertheless when the rays are more numerous, irre- 
gularities in the repetition of the similar organs are met with. If 
we take as the fundamental form of the Echinoderm type a spheroid 
with the principal axis somewhat shortened and the poles flattened 
and dissimilar, the long axis of the radial body will be this chief 
axis, and the mouth and anus the two poles (oral and anal poles). 
We can imagine five planes pass- 
ing through the long axis of this 
spheriod, each of which will divide 
the body into two symmetrical 
halves. The perfect correspondence 
of these halves is, in the body of 
Echinoderms, disturbed by the dif- 
ferent forms and significance of the 
two poles, so that our representation 
is not an exact one. The ten meri- 
dians, which are separated from one 
another by equal intervals and fall 
in these five planes, are differently 





Fıs. 206.—The shell of a regular Sea- 


related to one another, inasmuch as urchin seen from above. Z, Radius 
n a with.double row ofjperforated plates; 
five alternate OnNES, which are called J, inter-radius with the genital organs 
the chief rays, or radii, contain the and their pores. In the right: ante- 

P ; rior inter-radius is the madreprric 
most important organs, the nerves, plate. 


the vascular trunks, the ambu- 

lacral feet, ete., while the other five meridians constitute the 
intermediate rays or inter-radii, and also contain certain organs 
(fig. 206). It is only in cases of complete equivalence of the radii 
and inter-radii that the echinoderm body presents a pentamerous 
radial arrangement (regular Echinoderms). It is, however, easy to 
show that this regular radial symmetry never occurs in its perfect 
form. Since one organ or another, ».q., the madreporic plate, the 
stone canal, heart, ete., always remains single, and does not fall in 
the axis of the body, it will be only those planes, in the radius or 
inter-radius of which the unpaired organs fall, which can fulfil the 
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conditions which admit of the body being divided into two exactly 





Fıs. 207.—Olypeaster rosaceus, from the dorsal side. The 
madreporic plate is situatein the centre and is sur- 
rounded by five genital pores and by the five-leaved 

The unpaired radıus is directed forwards. 

At the side is the median portion of the ventral sur- 


rosette, 


face. O, mouth; A, anus, 





symmetrical halves. 
Even these planes do not 
exactly fulfil these con- 
ditions, since the re- 
maining organs are not 
strietly symmetrical in 
regard to such a plane. 
Very frequently one 
of the rays differs in size 
from the others, and 
then we have an irregu- 
larity in the external 
form of the Echinoderm, 
which renders the bi- 
lateral symmetry visible 
even from the exterior. 
The pentamerous body 
of the Echinoderm may 
become bilateral, the 
plane of the unpaired 
ray forming a median 


plane, on each side of which two pairs of equal rays are repeated, 


We can distinguish an upper sur- 
face (apical pole) and an under 
(oral pole), a right and left side 
(the two paired rays and their 
inter-radii), an anterior end (un- 
paired radius) and a posterior 
(unpaired inter-radius). In the 
irregular Sea-urchins, the bilate- 
rally symmetrical form is still 
more strongly marked. Not only 
is the unpaired radius of abnormal 
size and form, and not only are 
the angles at which the principal 
ray and the accessory rays cut 
each other equal only in pairs, but 
also in the Olypeastridea (fig. 207), 
the anus is removed from the dorsal 





Fı@. 208.—Schizaster (Spatangide), from the 


ventral side. O, mouth; 4, anus; 2, 
pores of the ambulacral feet. 


pole to the ventral half of the body in the unpaired inter-radius. 
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while, in Spatangide, both poles, or only the oral pole, are shifted 
in the direction of the unpaired radius, and become eccentrie 
(fig. 208). 

Only a few of the regular Zchinodermata have the means of loco- 
motion on all the five rays, and seldom then along the whole length 
of their meridians; far more frequently the area surrounding the 
oral pole becomes with regard to the position during movement the 
ventral surface; it is flattened and mainly or entirely possesses the 
organs of locomotion (am- - 
bulacral surface). Thesere- x, Wu \ 
lationsalways obtain among \ AUF, 
the irregular Zehinoder- 
mata which do not move 
indifferentlyin the direction 
of all five rays, but prinei- 
pally in that of the unpaired 
one. In these animals the 
mouth, and therewith the 
oral pole, being pushed to- 
wards the anterior edge, 
the two posterior radii 
(bivium) seem prineipally 
concerned in the formation 
of the ventral surface (‚Spa- 
tangide). It is otherwise 
in the case of the cylindrical 
Holothurians. 'Pheir mouth 
and anus preserve the nor- 
mal position at the poles 
of the elongated axis, and 
De Art Be Iy FıG. 209.— Cucumaria with extended dendritically 
compressed in the direction branched tentacles (7). Af, ambulacral feet. 
of the axis in such a 
manner that three radii (trivium) with their organs of locomotion 
are placed on the foot-like ventral surface. On the body of these 
Holothurians one unpaired and two paired radii can be distinguished, 
only in this case the unpaired radius with its inter-radius marks, not 
the anterior and posterior, but the dorsal and ventral surfaces. 

In many Echinoderms (Echinoidea) the oblate spheroidal form is 
the prevalent one. The principal axis appears shortened, the apical 
pole may be either pointed or flattened, and the ventral half is 
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flattened out to form a more or less extended surface. The eylin- 
drical form is obtained by an elongation of the axis (Holothuroidea) 
(fig. 209), the round form by a shortening of the same and the penta- 
gonal disc by the latter process combined with a simultaneous elonga- 
tion of the radii. If the radii are elongated till they are two or more 
times the length 
5 of the inter-radiü, 
the form takes 
the shape of a 
star (Asteroidea), 
AN which may be 
0D either flat or 
arched. The arms 
00 of the star may be 
ä : simple processes of 

Fıg. 210.—Calcareous bodies from the integument of Holothu- ni 
rians. a, calcareous wheels of Chirodota, b, anchor with the disc, and en- 


supporting plate of Synapta; c, chair-like bodies; d, plates of 
Holothuria impatiens ; e, hooks of Chirodota. close a part of the 


body cavity (Stel- 
leridea, Star-Ash), or they may be more independent moveable organs 
sharply marked off from the dise, and as a rule simple (Ophiuride), 
but sometimes branched (Zuryalide), or they may even bear simple 
jointed side twigs, the pinnule (O’rinoidea). 

An important characteristie of the Zehinodermata is the indura- 
tion by calca- 
reous deposits 
of the deeper 
layers of the 
integument 
(dermal con- 
nective tis- 
sue), so as to 
give rise to a nd 
solid more or W# Ws 
less moveable Jp Ad,p 
or even im- 








Fıe. 211.—Skeletal plates of Astropeoten Hemprichtii (after J. Müller). 
moveable ar- DR, dorsal marginal ossicles; VR, ventral marginal ossicles; Ap, 
Imst ambulacral ossicles ; Jp, intermediate interambulacral ossicles ; Adp, 
TOD LIPERELH AU anterior adambulacral' ossicles projecting into the month. 
leathery Holo- 


thuroidea (fig. 210) alone these skeletal structures are confined to 
isolated caleareous bodies, which are embedded in the integument, and 
have a definite form of latticed plates, wheels, or anchors. In these 


EXOSKELETON. 


271 


cases the dermal muscular system is strongly developed, and has the 
form of five pairs of bundles of longitudinal musecles, external to which 
is a continuous layer of eircular muscular fibres covering the internal 
surface of the integument. In the Star-fishes and Brittle-stars a 
moveable dermal skeleton is formed on the arms consisting of calcare- 


ous masses (ambulacral ossicles), connected 
together like vertebr&, while the integu- 
ment of the dorsal surface is filled with 
calcareous plates, and bears projecting 
processes and spicules (fig. 211). 

The exoskeleton in the Sea-urchins is 
immoveable. It consists of twenty meri- 
dional rows of solid calcareous plates 
immoveably connected together by their 
edges so as to form a firm shell, which 
is continuous except at the two poles, 
where it is interrupted by membranous 
structures. The rows of plates are ar- 
ranged in two groups, each with five 
pairs; of which the one group is radial 
in position and consists of plates pierced by 
the pores for the exit of the 
ambulacral feet (ambulacral 
plates, fig. 212) ; the other be- 
longs to the inter-radii, and the 





Fıg. 212. — Third ambulacrum 
of a young Tozopneustes droe- 
bachensis of 3 mm (after Loven). 
Op, Ocular plate; P, primary 
plates and tentacle pores. 'The 
sutures of the primary plates 
are visible on the plates; Sw, 
the tubercles to which the 
spines are articulated. 





Fıs. 213. — 
Pedicella- 
ria of a 
Leioeidarıs 
(after Per- 
rier). 


plates are unpierced (the interambulacral plates, fig. 206, 
R, J). Near the apical pole, which in the U’rinordea and 
the embryonie Echinoidea is occupied by a single plate 
(central plate), there is, in the Sea-urchins, a small area 
covered with minute calcareous plates and containing the 
anus. Around this area the five ambulacral and the five 
interambulacral rows terminate, each in a pentagonal 
plate; the former ending in the smaller radial ocular 
plates (fig. 206), the latter in the larger inter-radial 
genital plates. The Crinoidea, in addition to the 
dermal skeleton of the disc, possess a stalk, which is 
composed of pentagonal calcareous masses, arises from 


the dorsal side of the body, and becomes attached to firm sur- 
rounding objects. 

Amongst the appendages of the dermal armour, the numerous 
and variously shaped spines anıl the pedicellarie must be mentioned. 
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The former are moveably articulated to the knobbed tubereles on 
the shell of the Sea-urchin, and are raised and moved laterally by 
special muscles developed in a soft superficial dermal layer. The 
pedicellarise (fig. 213) are stalked, prehensile appendages furnished 
with two, three, or more rarely four jaws, which are continually 
snapping together. They are especially collected around the mouth 
of the Sea-urchin and on the dorsal surface of the Star-fish. 
Small transparent bodies, spheridia, are found in the living 
Sea-urchins, and probably have the value of sense organs. In the 
Spatangide, knobbed and ciliated bristles (clavule) are found upon 
the so-alled 
Jaseioles. 

The Echino- 
dermata are 
especially cha- 
racterised by 
the possession 
of the peculiar 
water - vascular 
system and of 
the distensible 
ambulacral feet 
connected with 
it (figs. 214, 
215). This 
ambulacral vas- 
cular system 
consists of a 





Fıe. 214. —Diagram exhibiting the relations of the different systems fi 

of organsin an Echinus (after Huxley). O, mouth; A, anus; Z, circular vessel 
teeth ; Z, lips; Aur, auricule of the shell; re, retractor and pro- su rroundin g 
tractor muscles of lantern ; Rg, circular ambulacral vessel ; Po, 
polian vesicle; , radial vessel of the same, with side branches the «@sophagus, 
to the ambulacrad feet (Am) ; ‚Sc, stone canal; M, madreporic and of five 
plate; St, spine; Pe, pedicellaris. r 

radial vessels 


projecting into the rays. These vessels have ciliated internal walls, 
and contain a watery fluid. Very frequently a number of vesicles, 
the Polian vesicles, are connected with the eircular vessel, also a 
nımber of racemose appendages, the significance of which is not 
fully understood. In connection with the eircular vessel there is 
also a stone canal (in rare cases more than one are present), which 
permits of communication between the sea water and the fluid 
contents of the water vascular system. This canal, which is so 
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called on account of the calcareous deposits in its walls, either 


hangs within the body cavity, 
whence it takes up fluid through 
the pores in its walls (Holothu- 
rians), or ends in a porous calca- 
reous plate, the madreporic plate, 
which is inserted in the external 
covering of the body, and through 
the pores of which the sea water 
percolates into the lumen of the 
canal system. The position of 
the madreporie plate varies con- 
siderably. In the Olypeastridea 
it is at the apical pole; in the 
Cidaridea and Spatangidea it is 
interradial, and falls in the an- 
terior right interradius near the 
apex; in the Asteridea it is also 
interradial and dorsal; in the 
Euryalide and the Ophiuride it 
lies on one of the five buccal 
plates. Some Echinoderms, e.g., 
species of Ophidiaster and Eechi- 
naster echinites, possess several 
stone canals and madreporic 
plates. 








Fıs. 215. — Diagramatic representation of 
the water-vascular system of a Star-fish. 
Re, Circular vessel ; Ap, ampull®or Polian 
vesicles ; Ste, stone canal ; M, madreporie 
plate; P, ambulacral feet connected with 
the side twigs of the radial canals; Ap’, 
the ampull& of the same. 


On the lateral branches of the five or more radial trunks are found 





Fıg. 216.—Diagı ammatic section through one of 


the appendages known as the 
ambulacral feet (fig. 216). 
These are extensible tubes or 
sacs, which pass through pores 
and openings in the dermal 
skeleton and project on the 
surface of the body. They 
are capable of being swollen 
out, and are frequently pro- 
vided with a sucking dise at 


the arms of Asteracanthion (after W. Lange). 
N, Nervous system; FP, ambulacral feet ; A, 
calcareous portions of integument; 7, dermal 
branchia. 


their free extremity. Con- 
tractile ampulle are placed at 
the point of junction of the 


tube feet with the side branch of the radial vessel ; they force the 


18 
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fluid into the feet and cause them to swell, and hence to project. 
A number of feet so distended aflix themselves by means of their 
sucking discs; they then contract and draw the body slowly in 
the direction of the radii. The number and distribution of these 
appendages are subject to numerous modifications. Sometimes 





Fıg. 217.—Sea-urchin divided along the equatorial line (after Tiedemann) D, Digestive 
canal fixed to the shell by mesentery ; G, generative organs; J, inter-radial plates, 


they are arranged in rows along the whole length of the meridian 
from the oral region to the periproct (Cidaridea and Pentacta). 
Sometimes they are scattered irregularly over the whole surface 
of the body, or only over the foot-like ventral surface, as in the 





FıG. 218.—Longitudinal section through the arm and disc of Solaster endeca (somewhat 
altered after G. O. Sars). 0, mouth leading into the wide stomach; 4, anus; 2, radial- 
hepatic diverticnlum of the stomach ; @, genital organs ; Md, madreporic plate ; Js, inter- 
radial diverticulum of the rectum ; Af, ambulacral feet 


Holothurians. In some cases they are confined to the oral surface, 
as in all the Asteroidea. We are able therefore to distinguish an 
ambulacral and an antambulacral zone—the first coinciding with the 
oral and ventral surfaces, the latter with the dorsal surface. Never- 
theless the ambulacral feet are variously constructed, and do not in 


AMBULACRAL APPENDAGES, 


all cases serve for locomotion. 
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In addition to the ambulacral feet, 


great tentacle-like tubes may be present as appendages of the water- 


vascular 


system ; the circle of tentacles round the mouth of Holo- 


thurians (fig. 209) is composed of such appendages. We also find 


leaf-like appendages 
arranged over four 
or five-leaved rosette- 
shaped areas, forming 
the ambulacral gills of 
the Spatangidea and 
Clypeastridea (figs. 
207 and 208). The 
irregular Sea-urchins 
all possess in addition 
ambulacral feet upon 
the ventral surface. 
These are in the (1y- 
peastrideaw almost mi- 
croscopie in size; they 
very 
and are arranged in 
branched rows or are 
irregularly distributed 
over the surface, 

The Echinodermata 
possess an alimentary 
canal distinet from 
the body cavity; it 
can be divided into 
three parts—cesopha- 
gus, stomach, and 
rectum. The anus is 
placed usually at the 
centre of the apical 
pole, rarely in an inter- 
radius on the ventral 
side. The intestine 
may, however, end 
blindly, as for example 


are 


in all the Ophiuride and Euryalide, 
peeten, Ctenodiscus, and Luidia, which have no anus. 


numerous, | 





Fıs. 219.— Holothuria tubulosa, opened longi'udinally (after 
M. Edwards). O, Mouth in the midst of the tentacles 
(T); D, digestive canal; Se, stone canal; P, Polian 
vesicle; 7g, circular vessel of the water-vascular system ; 
Ov, ovaries; Ag, ambulacral vessel; M, ’ongitudinal 
muscles; Gf, vessel tv the intestine; CZ, clonca; WI, 
respiratory trees. 


also in the genera ILstero- 
The mouth 
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is often surrounded by projecting skeletal plates armed with 
spicules. There may even be developed, as in the Cidaridea and 
Clypeastridea, pointed teeth covered with enamel, constituting a 
powerful masticatory apparatus, which again is supported around 
the esophagus by a system of plates and rods. This apparatus is 
known as Aristotle’s Lantern (fig. 214). In the Holothurians, or 
the other hand, there is a calcareous ring round the @sophagus. It 
is formed of ten pieces, and serves for the attachment of the longi- 
tudinal bundles of the dermal musecles. 

In the Star-fishes the digestive canal is invariably short, sac-like, 
and bese with branched blind appendages, some of which lie in the 
disc, while some project a long way into the arms. In the Asteroidea 
we find five pairs of strongly developed multilobed divertieula of 
the middle division of the alimentary canal (fig. 218). The five 
diverticula of the short rectum which fall in the interradii are 
much shorter, and perhaps perform the function of kidneys, while 
the longer divertieula increase the digesting surface. In the other 
Echinoderms the narrow intestine is much increased in length, and 
is either, as in Comatula, coiled round a spindle in the axis of the 
dise, or, as in the Sea-urchins, deseribes some convolutions (fig. 217), 
and is attached to the inner surface of the shell by fibres and 
membranes. Inthe Holothurians also the intestine is, as a rule, 
much longer than the body, and is usually folded upon itself three 
times and attached by a sort of mesentery (fig. 219). 

The true vascular system is very difhcult to trace. It consists in 
most Echinoderms of a ring-like vascular plexus surrounding the 
«@sophagus. From this eircular vessel radial vessels pass off one to 
each ray, and these trunks again give off other branches. There is 
in addition on the dorsal surface a second eircular vessel, which sends 
off branches to the stomach and generative organs. These two 
vascular rings are connected by a supposed heart, which, according 
to Ludwig, consists of a close plexus of contractile vessels. In the 
Holothurians, besides the vascular ring round the @&sophagus, only 
two trunks with their branches to the intestine are known. The 
blood is a clear, slightly coloured fluid, in which numerous colourless 
blood corpuscles are suspended. 

Special organs of respiration are by no means universally found. 
_ The entire surface of the external appendages, as well as the surface 
of the organs suspended in the body cavity, and especially of the 
intestine, appear to play a part in the exchange of the gases of the 
blood, The sea-water very likely enters by the pores in the madre- 
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porie plate into the body cavity, and is kept in active movement by 

the eilia which line the body cavity and the perihsmal canals; in 

this way the surface of the internal organs is continually bathed by 

water. The leaf-like and pinnate ambulacral appendages (ambulacral 

branchie) of the irregular Sea-urchins are regarded as special organs 

of respiration, as also are the c®cal tubes (dermal branchie), which 

project from the surface of the 

integument and communicate with  * 

the body cavity in some regular 

Sea-urchins and in the Asteridea. 

These dermal branchi®@ are dis- N 

tributed in the Asteridew over the 

whole dorsal surface as simple tubes, 

and in the Echini they surround 

the mouth as five pairs of branched 

tubes. Lastly there are the so-called 

respiratory trees of Holothurians ; 

these are two large tree-like branched 

tubes which open by a common stem Fie. 220.—Diagram of the nervous sys- 

into the cloaca. The water which is temofaStar-Ash. N, Thenervering 
connecting the five ambulacral cen- 

taken into these organs can be again _ tres. 

ejected with great force (fig. 219). 

The nervous system (fig. 220) consists of five prineipal nerves 
runnirg down the fiverays. These nerves in the Asteridea lie imme- 
diately beneath the epidermis of the ambulacral groove, external to 
the radial blood vessel and water vascular trunk: they send off 
numerous fibres to the ambulacral feet, 
the muscles of the spines, pedicellaris, etc. 
These ectodermal bands may be looked 
upon as the central part of the nervous 
system (“ambulacral brains” of J. Müller). 
Near the mouth they divide into two parts, 
which unite with corresponding branches 
Fıs. 221. — Astropeeten auran. rom the other radial trunks to form a 

a En Bar Hi we nervous ring containing ganglion cells. 

(after E. Haeckel). The tentacle-like ambulacral feet which 

in the Asteridea and Ophiuridea are 
present in simple number at the end of the arms are supposed 
to have the value of tactile organs. The same significance has 
been attributed to the tentacles of the Holothurids and to the 
pencil-like tactile feet of the Spatangide. Organs resembling eyes 
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have been found in the Zehinoidea and Asteridea. In the former 
(Cidaridea) there are, on special plates (ocular plates), at the apical 
pole, five tentacle-like prominences, in each of which a nerve ende. 
The eyes of the Asteridea are most accurately known. According to 
Ehrenberg’s discovery, they have the form of red pigment spots, and 
lie on the ventral side of the rays at the distal end of the ambulacral 
groove. They are spherical pedunculated prominences, and the 
convex surface is covered by a simple membrane, which hides a 
number of conical simple eyes (fig. 221). The simple eyes appear to 
have their axes directed towards a common point. They each con- 
sist of a red mass of pigment surrounding a refractive body, and a 
"nervous apparatus. 
Reproduction is main]y 
sexual, and separate sexes 
are the rule. Only Sy- 
napta and Amphiura 
are hermaphrodite. The 
organs of reproduction 
of the two sexes are ex- 
tremely alike, so that if 
it were not that the colour 
of the generative products 
is different,—the seminal 
fluid is mostly white and 
the ova red or yellow,— 
Fıc. 222.—Genital organs of Echinus. Ad, Rectum; G, " mieroscopical examina- 
genital glands lying on theinterambulacralplates; aa tion of the contents of 
EDRANIET the generative glands 
would be the only means of distinguishing between them. Sexual 
differences of the external form or of definite parts of the body are 
only very rarely present, since as there is no copulation the sexual 
functions are usually confined to the secretion and preparation of the 
generative material. Ova and spermatozoa, with some rare excep- 
tions, first come in contact in the sea water outside the body of the 
mother. Internal fertilization, which is very rare, occurs in several 
viviparous species of Amphiura and Phyllophorus. The number and 
position of the generative organs are generally in striet correspondence 
with the radial structure; nevertheless there are numerous excep- 
tions to this. In the regular Zehinoidea, five-lobed ovaries or testes, 
which are composed of branched blind tubes, lie in the interradii on 
the internal surface of the dorsal part of the shell (fig. 222). The 
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‚ducts of these glands are five in number, and open to the exterior 
through five openings in the skeletal plates (genital plates) around 
the apical pole (figs. 206, 222). In the irregular Spatangide the 
generative organ of the posterior interradius is always absent, and 
the number of glands may be three or two. In the Asteridea the 
five pairs of genital glands have the same interradial arrangement: 
sometimes however, they project into the arms: the apertures for 
the exit of the generative products lie on the dorsal side, and in 
each interradius two places may be found, each of which is pierced in 
a sieve-like manner by a number of such openings (fig. 223). In the 
Ophiuride ten lobed generative glands composed of a number of 
blind tubes are developed around the stomach ; their products pass 
through special passages into pouches, and from thence to the 
exterior through paired slits on the ventral side between the arms. 
‘The generative glands of the Orinoidea 
are concealed in the arms and pinnules. 
In the Holothurians, the generative 
organs are reduced to one branched 
gland, the duct of which opens to the 
exterior not far from the’ anterior pole 
of the body on the dorsal side (fig. 219). 

The development of the Echinodermata 
presents as a rule a complicated meta- 
morphosis, and is characterised by the 
possession of bilateral larval stages. Fıe. 223.—Partofthe inter-radius of 
Many Holothurians are developed with- 
out passing through these larval stages, of pores (sieve plates) on the dor- 

. . sal skin (after J. Müller and Tros- 
as also are certain Sea-urchins, a8 chei). 
Anochamus, Hemiaster, and some Aste- 
roidea, which are either viviparous (Amphiura squamata) or lay only 
a small number of eggs, and protect them during their development 
in a brood pouch. In these cases also the first stage is a ciliated 
embryo, which is either developed directly or passes through a much 
simplified metamorphosis. 

In the cases of a complicated metamorphosis, the ovum, after under- 
going a nearly equal segmentation, gives rise to a spherical embryo, 
the cellular wall of which is ciliated and encloses a central gelatinous 
substance (fig. 103). A pitlike depression of the cellular wall gives 
rise to the first rudiment of the alimentary canal, and the opening 
of this depression (gastrula mouth) to the anus. The ciliated embryo 
becomes elongated and gradually takes the form of a long, oval, more 
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or less pear-shaped larva, in which a slightly arched dorsal, two 
symmetrical lateral, and a saddle-shaped ventral surface can be dis- 
tinguished. The cilia which are concentrated upon the raised edge 
of the ventral depression give rise to a continuous ciliated band 
which serves as a locomotive apparatus. [This band first appears as 
two separate ciliated ridges placed transversely, one in front of, and 
the other behind the mouth (fig. 224, 3). These soon become con- 
nected laterally.] The alimentary canal, which has now acquired an 
anterior openir g, the mouth, consists of three portions —the «so- 
phagus, the stomach, and the intestine. The wide mouth leading 
into the «sophagus is situated within the band of cilia on the 
ventral surface; the anus is also ventral, but external to the ciliated 
band in tke region of the posterior pole. Before the appearance 




















Fıg. 224.—Larval development of Asteracanthion berylinus (after A. Agassiz) (for earlier 
stages see fig. 103). 1, stage where the mouth (O) has just appeared, represented in 
profile; A, blastopore (anus); D, intestine; Yp, vaso-peritoneal sac. 2, Somewhat older 
stage in surface view with two separated vaso-peritoneal sacs. 3, Later stage, from the 
ventral side, with two transverse ciliated ridges (W); the sac on the left side has an 
excretory pore. 4, Young Bipinnaria with double band of cilia (W). 


of the mouth, another organ is separated from the alimentary canal: 
this is a sac-like ciliated tube, which opens to the exterior by a pore 
on the dorsal surface, and represents the first commencement of the 
ambulacral system, A. second organ, which also has its origin from 
the rudimentary digestive canal, consists of the disce-shaped lateral 
sacs (fig. 224), from the walls of which the peritoneal lining of the 
body cavity is produced. 

With their progressive development the larv® of the Sea-urchin, 
the Starfish, and the Holothurian diverge more and more widely from 
one another. The raised edge of the depression just mentioned, with 
its band of cilia, becomes bent and prolonged into processes (fig. 
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225) of different form. These processes are arranged with a striet 
regard to bilateral symmetry, and their number, position, and size 
essentially determine the special shape of the body. An anterior 
and a posterior ventral region ofthe band of cilia can be distinguished 
from the lateral parts which forın the dorsal portions ; the latter curve 
round and pass into the former at tbe anterior and posterior ends of 
the body (fig. 225, d). The dorso-lateral parts may, however, unite 
anteriorly with one another without passing into the anterior ventral 
band; in this case the anterior continuations of the latter pass 
directly into one another so as to form an independent pr&oral ring, 
while the dorso-lateral and posterior ventral portions of the origin- 
ally continuous band form a longitudinally directed post-oral ring. 
This arrangement is characteristic of the larve of the Asteridea 
(Bipinnaria, 
Brachiolaria). 
In all other 
forms a single 
longitudinal 
band of cilia 
only is pre- 
sent. In the 
larvze of Holo- 
thurians, the 
Auricularia 
(fig. 225), the 
processes re- 
main short yıc6, 295 Auricularia larvz (after J. Müller). a, from the dorsal side ; 
andsoft; they 2, from the ventral side. 0, mouth beneath the oral shield ; Oe, oeso- 


phagus; M, stomach ; D, intestine with anus (4); P, peritoneal sac; 
V, Water-vascular rosette with pore; Z, calcareous wheel-like bodies. 





are found on 
the dorso- 
lateral edges and on the posterior dorso-ventral arch of the band 
of cilia; they also appear on the posterior ventral (umbrella) and 
the anterior ventral (oral shield) parts of the band. The processes 
have a similar disposition in Bipinnaria, where, however, they 
are often much longer, but are in this case also not provided 
with calcareous rods. The Brachiolaria are distinguished from the 
Bipinnaria by the possession of three anterior arıns, which are placed 
between the anterior portions of the two rings of cilia, and serve as a 
fixing apparatus. The bilateral larv:e of the Ophiurids and Sea-Urchins, 
the so-called Pluteus forms, are distinguished by their large rod- 
shaped processes, which are supported by a system of calcareous rods. 
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The Pluteus larve of the Ophiurids possess long lateral arms on 
the anterior dorso- 
ventral arch of the 
band, on the dorso- 
lateral edge, and on 
the edge of the pos- 
terior ventral hood. 
The Pluteus larva of 
the Sea-urchin has no 
lateral arms, but pro- 
cesses are developed 
on the edge of the 
anterior ventral hood 
(fig. 226). The larvse 
of the Spatangide are 
characterised by an 
unpaired apical rod, 
and those of Hchinus 
and Echinocidaris by 
Fre. 226.—Pluteus of a Spatangus with so-called apical rod thepresenceofeciliated 
(St) (after J. Müller). epaulettes (ig. 227). 

The transformation of the laterally symmetrical larva with its 
bilateral processes and com- 
plieated organization into the 
body of the adult Echino- 
derm is not in all cases 
effected in the same manner. 
In the Sea-urchins and Star- 
fishes the young animal is 
developed by a process of 
new formation within the 
body of the larva, the 
stomach, intestine,and dorsal 
sac alone persisting; while 
the transformation of the 
Auricularia into Synapta 
takes place without the loss 
‚of so many parts of the larva, 
the young passing through a 
pupa-like intermediate stage. Fıs 227.—Pluteuslarva of Eckinus lividus with four 


ciliated epaulettes (We) (after E. Metschnikoff) 
In the first case a mass Of fromthe ventral side. O, Mouth; A, anus. 
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interstitial tissue filled with round cells is formed external to 
the lateral dises, and with participation of the thickening skin. 
This tissue becomes the seat of calcareous deposits, and forms 
the dermal skeleton of the adult Echinoderm (fig. 228 a, b). 
The canal of the dorsal pore has in the meantime changed its 
simple form and developed into the circular vessel with diverti- 
cula, which are destined to become the ambulacral trunks. As 
development progresses, the young animal appears as a more or less 
spherical or pentagonal body, or as a star with short arms, in propor- 


b 





Fıs. 228.—Eipinnaria from Trieste forming a stage in the development of the Star-fish 
(St) (after J. Müller). a, Earlier stage. M, stomach; A, anus; F, ambulacral rosette 
with ciliated tube opening by the dorsal pore. b, Older stage. 


tion as it predominates over the larva. Finally, after the sprouting 
out of the ambulacral feet, the young Echinoderm becomes separated 
from the larval body, which not unfrequently remains attached to 
the former, like the remnants of a broken-down framework. The 
stomach, which is taken into the interior of the body of the 
Echinoderm, is torn from the &sophagus of the larva (Bipinnaria), 
‚and acquires a new @sophagus and mouth. The dorsal pore becomes 
the pore of the madreporic plate. 

The Synaptide, on the contrary, are formed by the transformation 
ofthe entire body of the Auricularia. Five tentacles appear in front 
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of the stomach and the eircular vessel, which is formed from the 
dorsal tube. They are at first enclosed in a cavity, from which later 





Fıs. 229.—Auricularia pupa of Synapta 
seen in profile (after E. Metschnikoff). 
The mouth is already large, so that 
the tentacles (7T) can be protruded, 
Wr, Ring of cilia; Pe, Pi, somatic 
and visceral layers of the peritoneal 
sacs; Ob, auditory vesicle; Po, pore 
of the water-vascular system; R, cal. 
careous wheel-shaped body. 


on they penetrate to the exterior. 
The larya retracts its lateral lobes 
and transforms itself into a barrel- 
shaped body with five transverse 
rows of cilia, and loses the mouth 
and dorsal pore (fig. 229). The 
ambulacral system gradually de- 
velops further, the intestine be- 
comes longer, the first five tentacles 
break through to the exterior, the 
mouth appears at the anterior pole, 
and the first suctorial foot with its 
ambulacral vessel is seen on the 


'ventral surface (fig. 230. The 


animal gradually loses the bands of 
eilia, and as a young Holothurian 
ereeps about by means of its ten- 
tacles and of the first ambulacral 
foot, which is soon followed by a 
second new one. 

In the more direct development the- 


bilateral larva seems to be more or less completely suppressed, and. 
the time of free-swimming life shortened or altogether dispensed with.. 


In these cases, protective 
arrangements, such as brood 
pouches, are always present 
in the mother. The brood 
pouch of Pteraster militaris 
is the most carefully pro- 
tected. It lies above the 
anus and generative open- 
ings; its walls are highly 
charged with calcareous 





matter, and they are raised Fı«. 230.—Young Holothurid with extended ten- 


above the spicules on the 
back. From eight totwenty 


tacles (7), swimming and creeping (after J. 
Müller). 


ova (l mm. in diameter) pass into the interior of the brood pouch, 
and are there developed into oval embryos, which acquire several 
sucking feet and assume later the form of a star with five rays. 
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The formation of the embryo takes place thus: four shield-like 
thickenings are formed upon one segment of the ovum, and beneath 
them several ambulacral feet make their appearance. The star is 
developed by the increase in size and number of these dises and 
ambulacral feet. At this period of development we can distinguish 
the eircular ambulacral vessel surrounding a central hemispherical 
projection of the oral disc, also the five vascular trunks and 2—3 
pairs of sucking feet in each ray. In other cases, the brood pouch 
is formed upon the ventral surface of the Star-fish, e.g., Hchinaster 
Sarsit, and the embryo, which is completely ciliated, is provided 
at the anterior end with a knobbed process. The latter is divided 
into several structures (Haftzäpfchen), which serve as organs to 
attach the body of the embryo to the wall of the brood pouch. 
Suctorial feet are now formed in each ray, two paired and one 
unpaired, the latter lying nearest to the angle of the pentagon. 
The five angles come to project more and more, and acquire 
eye spots and ambulacral grooves. Spicules appear, and the 
mouth perforation is formed, the fixing organ aborts, and the em- 
bryos escape from the maternal brood pouch; and being at this 
time capable of creeping and of nourishing themselves independently, 
they gradually develop into small star-fishes. The mode of deve- 
lopment is the same in Asteracanthion Müllerii, and some Ophiurids, 
as Amphiura squamata. 

Amongst the Holothurids (7. tremula) the simpleand more direct 
development was first observed by Danielssen and Koren, and later 
by Kowalevski, in Phyllophorus urna, and by Selenka, in ('ucumaria 
doliolum. In the first case the embryo leaves the egg in the form of 
a ciliated larva, which soon assumes a pear shape, and develops the 
circular vessel of the water-vascular system, and five tentacles round 
the mouth. The alimentary canal and the dermal skeleton make 
their appearance before the five tentacles have assumed the function 
of locomotion in place of the cilia which have disappeared. Later on, 
with the progressive growth, the tentacles become branched, and two 
ventral feet appear, which put the bilateral symmetry of the larva 
beyond all doubt. In all cases, even in the cases of a more direct 
development, the radial symmetry of the adult Echinoderm appears to 
be preceded by «a bilateral symmetry of the larva. 

All the Echinoderms are inhabitants of the sea; they are capable 
of a slow, ereeping movement, and feed on marine animals, especially 
on Mollusca, but also on Fuci and sea-weeds. Some are found near 
the coast at the bottom of the sea, others occur at considerable 
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depths. Many possess a great reproductive power, and are able to 
replace lost parts, such as arms, with all their apparatus of nerves 
and sense organs. 


CLASS I.—CRINOIDEA * 


Globular or cup-shaped Echinodermata with segmented arms fur- 
nished with pinnule. They are usually attached by a segmented, 
3 calcareous stalk. The 
skin upon the aboral 
side is provided with 
plates, the ambulacral 
appendages have the 
‚form of tentacles, and 
are situated in the 
ambulacral furrows of 
the calyz and of the 
segmented arms. 

The greater number 
of Crinoidea are cha- 
racterised by the pre- 
sence of a segmented 
stalk bearing cirri. 
This stalk arises from 
the apical (dorsal) pole 
of the calyx, and is 
attached at the in- 
ferior end to surround- 
ing objects (fig. 231). 
In some few living 
genera, as (omatula 
(fig. 232) and Actino- 
Fıs. 231.—Pentaerinus caput Medus®e (after J. Müller). metra, this stalk is 

O, mouth ; A, anus, of the disc, which is represented from only present in the 
re young form. The body 
with the contained viscera appears, therefore, as the calyx at the 
upper end of the stalk, and only in exceptional cases is directly 





* J.S. Miller, °“A Natural History of the Crinoidea or Lily-shaped Animals,” 
Bristol, 1821. J. V. Thompson, “Sur le Pentacrinus Europzus, l’etat de 
jeunesse du genre Comatula,” L’institut, 1835. J. Müller, “ Ueber den Bau 
von Pentacrinus caput Medus®,” Abhandl. der Berl. Akad., 1841. J. Müller, 
« Ueber die Gattung Comatula und ihre Arten,” Abhandl. der Berl. Akad., 
1847, Leop. v. Buch, ‘“ Ueber Oystideen,” Abhandl, der Berl. Akad., 1844. 
Ferd. Römer, “Monographie der fossilen Crinoideen familie der Blastoideen,” 
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attached by its dorsal apex. The segments of the stalk, which are 
mostly pentagonal, are connected by bands of tissue, and are pierced 
by a central canal, which serves for nutrition, and contains a central 
and five peripheral blood vessels; at certain distances they bear 
hollow and segmented cirri, which are arranged in whorls. 

The dorsal surface of the calyx is covered externally by regularly 
arranged calcareous plates, while the upper (ventral) surface, on 
which the mouth and anus are situate, is clothed with a leathery 


\ 
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Fıg. 232 —Comatula mediterranea represented from the ventralside. O, mouth; 
4,anus. The pinnul& are filled with the generative products. 


skin. At the margin of the cup there arise movable, simple or 
forked, and often branched arms, which are supported by a solid 
framework consisting of dorsally placed calcareous plates, which 
are movable upon one another by special muscle. In almost 


Arch. für Naturgeseh, 1851. W. Thompson, “On the Embryology of the 
Antedon rosaceus,” Phil. Trans. Roy. Soc., Tom 155, 1865. W. B. Carpenter, 
“Researches on the Structure, Physiology and Development of Antedon 
rosaceus,” Ibid, Tom 156. A. Götte, “ Vergl. Entwickelungsgeschichte der 
Comatula Mediterranea,” Archiv. für mickhrosh. Anatomie, Tom XU. H 
Ludwig, ‘ Morphol. Studien an Echinodermen,” Leipzig, 1877. 
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every case the arms bear, either on their main stems or on their 
branches, lateral appendages, the pinnules, which have an alternate 
arrangement on each side, one being attached to each segment of the 
arms. Essentially the pinnules represent the ultimate ramifications 
of the arms. 

The mouth, as a rule, lies in the centre of the cup. From it 
certain furrows, the ambulacral grooves, traverse the dise (fig. 231) 





FıG. 233.— Developmentel stages of Comatula (Antedon), much enlarged. a, free-swimming 
larya with tuft and rings of cilia (Wr), also with rudimentary calcareous plates. b, At- 
tached Pentacrinoid form of the same animal. O, Oralia; R, Radialia; 3, Basalia; 
Cd, Centrodorsal plate. c, Older stage described as Pentacrinus europasus with arms and 
ceirri (after Thomson). 


and pass on to the arms, and their branches and pinnules; they 
are lined by soft skin, and carıy the tentacle-Jike ambulacral 
appendages. The anus, when it is present, lies excentrically on the 
ambulacral (ventral) surface of the disc. The development of the 
living genus Comatula, which begins with a barrel-shaped larva 
with four bands of eilian and leads to the fixed stage of the Pen- 


er) 
+ 
Eee dl u > 2 un „22 un Lu ud Zu 


from the Muschelkalk ; also Apöocrinus, allied to the 
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tacrinus form (?. Zuropeus) (fig. 233), consists of a complicated 
metamorphosis. 

The greater number of Crinoids belong to the oldest periods of 
the history of the earth (the Cambrian, Silurian, Devonian, and 
the Carboniferous formations). Existing forms 
live mostly at considerable depths. 

We distinguish two orders, the Tesseluta and 
the Articulata. 

The latter is represented by numerous fossil 
forms, but by only a few living genera as Penta- 
crinus, Holopus, and Comatula (fig. 234). The 
cup is always less completely provided with plates 
than in the fossil Tesselata. 
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Fam. Pentacrinide. Crinoids with ten arms, several 
times bifurcated. There is a pentagonal stalk with 
whorled cirri. Pentacrinus caput Medus@, Mill. from 
the Antilles. ?. Mülleri Oerst., West Indian Ocean, 
The fossil forms are: Enerinus liliiformis Schl. (fig. 234) 


existing Rhizoerinus lofotensis Sars, and to Bathyerinus 
graeilis, and aldrichianus W. Th., from the deep sea. 
Allied to this group is the third existing genus Holopus, 
from the West Indies, with calyx attached by a short Fı«.234.— Enerinus lilii- 
unjointed prolongation of its apex. H. Rangii d’Orb. ‚formis from the Mus- 

Fam. Comatulide. Stalked only in the young state. Chelkalk. 

The adult animal is free. There are usually ten arms at 

the margin of the flattened body ; mouth and anus are present. The Coma- 
tulide possess the power of striking their arms towards the ventral surface 
and so of propelling themselves amidst the sea-weeds. The vermiform larva, 
with its four ciliated girdles, makes its appearance within the egg-membranes. 
It acquires a mouth and anus, also a tuft of cilia at the posterior end of the 
body, and swims about freely. It passes later, by the formation of cal- 
careous rings and rows of plates, into the stage of the stalked Pentacrinus, 
from which the Comatula is produced by the separation of the cup from 
the stalk. Comatula mediterranea Lam., Antedon rosacea Link., known 
in the young attached stage as Pentaorinus Buropaeus. Actinometra 
J. Müll. 

To the Crinoids are allied the fossil Cystidea and Blastoidea. The Cystidea 
were provided with short stalks and slightly developed arms. Their generative 
organs were enclosed in the calyx, whence their products escaped through a 
genital opening capable of being closed by movable valves. They are found as 
fossils in the Cambrian, Silurian, and Devonian formations and the Carboni- 
ferous limestone, To this group belong the genera Sphaeronites, Caryoerimus, 
Apiveystites. 

The Blastoidea have no arms, and only possess ambulacral areas on the calyx, 
which is attached by a segmented column, Pentatrematites. 
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CLASS IL—ASTEROIDEA (STARFISHES).* 


Echinoderms with dorso-ventrally compressed pentagomal or star- 
shaped body. The ambulacral feet are confined to the ventral surface. 
Internal skeletal pieces in the ambulacra articulated together like 
. vertebre. | 

The Star-fishes are chiefly characterised by the predominating 
pentagonal or star-like discoidal shape of the body, to the ventral 
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Fıq. 235. Echinaster sentus, from the oral surface (after A. Agassiz). O, month; 
Af, ambulacral feet, 
surface of which the ambulacral feet are confined (fig. 235). The 
radii are long in comparison with the inter-radii, which are very 
short in consequence of the divergence of the interambulacral 
rows of plates; they constitute more or less projeeting movable 
arms, with movable skeletal structures. These latter consist of 
transversely arranged, paired caleareous plates (ambulacral ossicles), 


* J. Müller and Troschel, “System der Asteriden,” Brunswick, 1841, Com- 
pare besides the numerous papers of Krohn, Sars, Lütken, L. Agassiz, etc, 
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which reach from the mouth to the end of the arms, and are 
articulated together like vertebre. The skeleton of the Asteroide« 
is distinguished from the globular or flattened shell of the 
Echinoidea by the fact that the ambulacral and interambulacral 
plates are confined to the ventral surface, and that on the outer 
side of the former there is a deep ambulacral groove, which contains, 
outside the ossicles and beneath the soft skin (which in Ophiurids 
possesses special calcareous plates), the nerve trunks, the peri- 
hzmal canals with the blood-vessels and the ambulacral trunks. 
In the Ophäuridea the ambulacral groove is covered by the dermal 
plates so that the ambulacral feet project at the sides of the arms. 
Upon the dorsal surface the dermal skeleton appears leathery ; it 
is, however, as a rule, filled with small calcareous plates, on which 
are placed spines, protuberances, and papill, constituting a covering 
of a most 
varied kind, 
At the mar- 
gin in the 
dorsal integu- 
ment there is 
usually a row 
of larger cal- 
careous plates 
(superior mar- 
ginal  plates) 
(fig. 28 6) " Fıs. 236.—Skeletal plates of Astropeeten Hemprichtü (after J. Müller). 
Upon theven- DR, Dorsal marginal plates; VR, ventral marginal plates, Ap, am- 


bulacral ossicles; Jp, intermediate interambulacral plates; Adp, 
tral surface anterior adambulacral plates forming an angle of the mouth. 
we can distin- 


guish, in addition to the internally placed ambulacral ossicles, inferior 
marginal ossicles (fig. 236, VR), also the adambulacral plates (Adp), 
and the intermediate interambulacral plates (Jp). The two last corre- 
spond to the interambulacral plates of the Hchinoidea, where they occur 
as two or more rows, which are united along the whole length of the 
inter-radius: in the Asteroidea, however, they separate from one 
another at an angle, and are disposed along the opposed sides of ad- 
jacentarms. The ambulacral ossieles are calcareous bodies articulated 
together like vertebre, with spaces between their lateral processes 
for the passage of the vessel connecting the ampulle with the radial 
vessel and the tube feet. The right and left pieces of each double row 
are either (Ophiuridea) immovably connected by a suture, or are 
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(Stelleridea) movably articulated by teeth, which fit into one another 
at the bottom of the ambulacral groove; the latter only (Stelleridea) 
possess transverse muscles on the ambulacral ossicles, and are able 
to bend their arms together towards the ventral surface. The 
Ophiuridea are provided with longitudinal muscles only, by means 
of which they are able to bend their arms to the right and left in 
a horizontal plane with a serpentine movement. 

The mouth is always placed in the centre of the ventral surface in 
a pentagonal or star-shaped depression, the edges of which are 
usually beset with stiff papille. The inter-radial angles are marked 
by the junction of two adambulacral plates, and frequently function 
as organs of mastication. The anus may be wanting; when present, 
it invariably lies at the apical pole, The madreporie plate, of 
which there may be one or more, is situated inter-radially and 
dorsally (Stelleridea), or on the inner surface of one of the buccal 
plates (Ophiuridea), on the exterior of which a pore may be present. 


Development in certain cases takes place without the interposition 


of a bilateral larval phase with bands of eilia. When such larve 
are developed, they have the form of a Pluteus (Ophiurid) or Bipin- 
naria and Brachiolaria (Stellerid). 

The great power of regeneration possessed by Starfishes is not 
confined to the reproduction of lost arms, but may lead to the new 
formation of portions of the disc, or even of the entire dise from 
a single separated arm. This process thus amounts to a species of 
asexual reproduction by fission, and has been especially observed in 
forms with six (Ophiactis) or more than six (Zänckia) arms. 

Fossil star-fishes are found as far back as the lower Silurian strata 
(Paleaster), where intermediate forms between sStelleridea and 
Ophiuridea (Protaster) make their appearance. 


Sub-COlass 1.—STELLERIDEA (Asteridea) STARFISHES. 


Asteroidea whose arms are prolongations of the dise, and contain the 
hepatic appendages ‚of the alimentary canal, and also the generative 
organs. They possess a deep, uncovered ambulacral groove running 
along the wentral surface, in which groove the ambulacral feet are 
disposed in rows. 

The Stelleridew usually possess broad arms, and are characterised 
by the fact that the ambulacral ossicles of the two sidesare connected 
by transverse muscles and are movable upon one another. The 
anus lies at the aboral pole, but may be wanting in certain genera 
(Astropecten). The madreporie plate and the genital pores are 
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situate inter-radially and upon the dorsal surface. The multilobed 
branched diverticula of the stomach extend into the cavities of the 
arms (fig. 218). On the ventral surface of the latter, two or four 
rows of ambulacral feet project from the deep ambulacral groove, 
the edge of which is beset with papille (fig. 235). Pedicellarie are 
also found, and dermal gills projeceting through the tentacular pores 
of the dorsal surface. 

They feed principally upon Mollusca, and, by means of their 
ambulacral feet, crawl slowly upon the bottom of the sea. Some 
few of them are developed by a very simple process of metamorphosis 
within the brood-pouch of the mother; but the greater number of 
them pass through the free 
larval stages of Bipinnaria 
and Brachiolaria (figs. 224 
and 228), 

Fam. Asteriade. The cylin- 
drical ambulacral feet end in 
broad suctorial dises, and are 
usually arranged in four rows 
along each ambulacral groove. 
Asterias L. (Asteracanthion), 
A. glaeialis O. F. Müller., Ze- 
liaster helianthus Gray. 

Fam. Solasteride. The cylin- 
drical ambulacral feet are dis- 
posed in two rows. Rays long, 
often more than five sSolaster 
papposus Retz,, Echinaster 
> Rune Ban, Gnlnätanten Fıs. 237.- Asteriscus verruculatus, with the dorsal 
Ag., Linckia Nardo. skin removed. ZLd, Ralial appendages or hepatic 

Fam. Astropectinide. Am- tubes of thestomach ; @, generative glands. 
bulacral feet conical, and with- 
out suctorial disc, arranged in two rows. There is no anus. Astropecten 
aurantiacus Thil. Lwidia Forb., Ctenodiseus Müll. Tr. 

Fam. Brisingide. Body shaped like an Ophiurid. Rays distinct from the 
disc with only a narrow internal cavity. Brisinga coronata Sars, 





Sub-Class 2.—OPHIURIDEA (Brittle Stars). 


Asteroidea characterised by the absence of un amus, and by the pos- 
session of long eylindrical arms which are sharply distinct from the 
disc, and do not contain appendages of the alimentary canal. The 
ambulacral groove is covered by the dermal plates so that the ambulacral 
‚feet project at the sides of the arms. 

The Ophiuridesw can be at once distinguished by the flexible 
eylindrical arıns, which are sharply distinet from the disc, and enclose 
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no diverticula of the alimentary canal. The movements of the arms 
are prineipally in the horizontal plane, and in many cases permit of 
a creeping locomotion amongst marine plants, The ambulacral 
groove is always covered by special dermal plates, and the ambulacral 
feet project laterally between the spieules and plates on the upper 
surface (fig. 238). In a few cases the arms are branched, and can be 
rolled up in the direction of the mouth. In such cases the ventral 
groove is closed by a soft skin (Astrophyton). The anus is always 
wanting, as are pedicellarie. The generative products pass into 
genital pouches (burse), and from these directly to the exterior 
through inter-radial paired 
slits. The madreporie plate 
lies upon the ventral sur- 
face in one of the buccal 
plates. Some few Ophiu- 
rids are viviparous, e.g., 
Amphiura squamata; these 
do not undergo metamor- 
phosis. Most pass through 
the Pluteus larval stage, 
e.9., Ophioglypha Lym., 
(Ophiolepis) ciliata with 
larval stage Pluteus 
paradoxus. 





Fıs. 238.—Ophiothria fragilis. 'The ends of the rays Fam Ophiuri n 
have been removed. @S, Slits of the genital anal } b P a Nun 
pouches; X, masticatory ossicles. un DESULILUIEIE arms, and 

with ventral plates to the 
ambulacral groove. They are divided into special genera according to 
tbe peeuliar character of the dermal covering and of the buccal armature. 


Ophiothriva Müll. Tr. The back is provided with granules, hairs, or spicules. 


The lateral plates of the arms bear spicules. Oph. Fragilis O. Fr. Müller. 
Ophiura Lam. (Ophioderma). Two pairs of genital slits in each interbrachial 
space. O.longieauda Link., Ophielepis Lütk., Amphiura Forb. 

Fam. Euryalide. Mostly with branched arms which can be curved towards 
the mouth and are without plates ; the ventral groove closed with soft skin. 
Astrophyton verrucosum Lam., Indian Ocean. A. arborescens Rond., Mediter- 
ranean. Asteronyx Loveni Müll. Tr. 


CLASS IIL-—ECHINOIDEA,* SEA-URCHINS. 
Spherical, heart-shaped, or disc-shaped Echinoderms with immovable 
skeleton composed of calcareous plates: The skeleton encloses the body 


* Besides the works of J. Th. Klein, compare E. Desor, “Synopsis des 
Ychinides fossiles,” 1854 to 1858. $. Loven, “ Ütudes sur les Kehinoidtes,” 
Stockholm 1874. Al. Agassiz, ““ Revision of the Echini,’’ Cambridge, 1872- 
1874. 
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after the manner of « shell, and carries movable spines. There is 
invariably a mouth and amus, and locomotive and often respiratory 
ambulacral appendages. 

The dermal skeletal plates are connected together so as to form a 
firm immovable shell, which has no arm-like prolongations in the 
direction of the rays, and is sometimes regularly radial, sometimes 
irregular or symmetrical. With some rare exceptions among the 
fossil Perischechinide, as Lepidocentrus, the calcareous plates are 
firmly connected with one another by sutures, and are usually 
arranged in twenty meridional rows. These rows (fig. 206) are 
disposed in pairs, and correspond alternately with the radii and the 
inter-radi. The five radial pairs are the ambulacral plates, and are 
pierced by rows of fine pores for the exit of tube feet (fig. 212, ?), 
and bear, as do the broad interambulacral plates, spherical promi- 
nences and tubereles to which the differently shaped spines are 
movably articulated. The body form of the Sea-urchins, as con- 
trasted with that of the Star-fish, depends upon the meridional 
arrangement of the rows of plates, and, at the same time, on the 
continuity of the interambulacral rows. 

The position of the nerves and ambulacral vascular trunks beneath 
the skeleton is the special characteristic of the internal organization. 
Pedicellarie are found between the spicules, and are especially 
numerous in the region of the mouth. Some Cidaridea are provided 
with branched respiratory tubes. The genital pores are disposed 
inter-radially on the genital plates near the apical pole. One of 
these genital plates is, as a rule, also the madreporic plate. The 
ocular plates, which are radial in position, are also pierced (figs. 206, 
212). The regular Sea-urchins are often symmetrical, one radius 
being longer or shorter than the others, which are equal to each 
other. So we find long oval forms which are laterally symmetrical, 
having the mouth and anus central, and an anterior unpaired radius 
(Acrocladia, Echinometra). In the irregular Sea-urchins the anus is 
thrust away from the apical pole into the unpaired radius (Olypea- 
stride). 'The mouth also often has an eccentrie position in front 
(Spatangide, fig. 208), in which case the masticatory apparatus is 
always wanting. 

In many regular forms all the ambulacral feet have the same 
shape, and are provided with a suctorial dise supported by calcareous 
bodies; in others the dorsal feet are unprovided with a dise, and 
are pointed and often have an indented edge. In addition to the 
ambulacral feet, the irregular Sea-urchins almost all possess ambu- 
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lacral branchis upon a rosette formed of large pores on the dorsal 
surface (fig. 239). The locomotive feet are very small in Olypeastride, 
and are distributed either over the whole surface of the ambulacra, 
or are confined to branching rows upon the ventral surface. In 
the Spatangide there are peculiar bands upon the upper surface, 
the ‚aseioles or semite (fig. 239), 
upon which, in place of the spieules, 
knobbed bristles with active cilia 
(elavule) are distributed. Develop- 
ment takes place with a Pluteus larval 
stage, in which the larva is provided 
with ciliated epaulettes or with an 
apical rod. 

The Sea-urchins live, as a rule, 
near the coast, and feed on molluscs, 
small marine animals, and Fuci. 
Some species of Zchinus have the 
Fıe. 239.—Brissopsis Iyrıfera with BOWSE of boring holes in the rocks 

the fascioles or semites surround- in which they live. We find many 

IBgjtharonstie A,EnUR fossil shells, especially in the chalk. 
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Order 1.—CIDARIDEA= REGULAR SEA-URCHINS. 


Echinoidea with central mouth and equal band-like ambulacra ; 
with teeth and masticatory apparatus ; with sub-central anus in the 
apical space. 


Fam. Cidaride. With very narrow ambulacral and broad interambulacral 
areas, on both of which are large perforated tubercles and club-shaped spines. 
There are no oral branchie. (Cidaris metularia Lam., Phyllacanthus imperialis 
Lam., East Indies. 

Fam. Echinid®, Sea-urchins.. The pores are grouped in transverse rows ; 
there isa round, thin shell, broad ambulacral spaces bearing tubercles and spines, 
which are mostly short and pear-shaped. Oral branchix® are present. Zbxwop- 
neustes variegatus, Lam., Eehinus melo Lam., Strongylocentrotus lividus Brit. 
saratilis Lin., Mediterranean, 

Fam, Echinometride. With long oval shell, imperforate tubercles and 
oral branchiw. .Eehinometra oblonga Blainv.,, Podıphora atrata Brät., 
Acrocladia trigonaria Ag., Pacific. 


Order 2.—ÜLYPEASTRIDEA. 


Irregular Echinoidea compressed into the form of a shield. Mouth 
central and furnished with masticatory apparatus. Very broad ambu- 
lacra, five-leaved ambulacral rosette roumd the apical pole, and very 
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small tube feet. Five genital pores in the region of the madreporic 
plate. 
Fam. Clypeastride. The edge of the disc without indentations. Clypeaster 
rosaceus Lam. (fig. 207), Echinoeyamus pusillus O. F. Müller, Mediterranean, 
Fam. Scutellide. Flattened Zchinoides with a shell often lobed or per- 


forated, with rows of pores for the ambulacral feet, Lobophora bifura Ag., 
Rotula Rumphii Klein, Africa. 


Order 3.—SPATANGIDEA. 


Irregular Echinoidea of « more or less heart-shaped form, with 
eccentric mouth and anus. There are no teeth or masticatory apparatus, 
and there is usually a four-lewved ambulacral rosette and four genital 
plates. 

As a rule there are semitae and four genital pores, but the number 
of the latter may be reduced to three and two. 


Fam. Spatangide. Spatangus purpureus O, Fr. Müll., Medıterranean ; 
Schizaster canaliferus Ag., Brissus Klein. 


CLASS IV.—HOLOTHUROIDEA.* 


Wormlike elongated Echinoderms with a leathery body wall, with 
contractile tentacles surrounding the mouth ; anus terminal. 

The Holothuris approach the worms in possessing an elongated 
cylindrical shape and a bilateral symmetry, which is expressed in 
many ways. In particular they possess so striking a resemblance, so 
far as their exterior is concerned, to many @ephyrew that formerly 
they were included in the same group. The body-covering never 
consists of a firm calcareous shell like that which we find in other 
Echinoderms, but always remains soft and leathery, the calcareous 
matter being confined to a few isolated particles of definite form. 
In rare cases (C’wvieria), scales are present in the dorsal skin. 
These are arranged like the slates on a roof, and may even take the 
form of spieule-like appendages (Kchinocucumis). 

The bilateral symmetry results not only from the existence of un- 
paired organs, but from the contrast which is often very distinetly 
expressed between the dorsal and ventral surfaces. The ambulacral 
feet are not in all cases regularly arranged in the five meridional 

* G.J. Jaeger, “ De Holothuriig,” Dissert. inaug. Turici, 1833. J. F. Brandt, 
“ Prodromus descriptionis animalium ab H. Mertensio in orbis terrarum 
eircumnavigatione obseryatorum,” Fasc. I, Petropoli, 1835. J. Müller, “ Ueber 
Synapta digitata und über die Erzeugung von Schnecken in Holothurien, 
Berlin, 1852. A. Baur, “ Beiträge zur Naturgeschichte der Synapta digitata,” 


Dresden, 1864. C. Semper, ‘ Reisen im Archipel der Philippinen,” Tom I., 
Leipzig, 1868. 
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rows from the oral to the anal pole, but may be prineipally or 
altogether confined to the three rays of the so-called trivium. In 
this latter case the Holothurid moves upon a more or less foot-like 
ventral surface. The ambulacral feet may also be distributed uni- 
formly over the surface of the body, especially on the ventral side. 
Asa rule, the tube-feet have a cylindrical shape, and terminate with 
a suctorial dise: in other cases they are conical, and the suctorial 
dise is absent. The tentacles, which are in communication with the 
water-vascular system, and represent specially modified ambulaeral 
appendages, are simple or pennate, or even dendritie (Dendrochirota) 
or shield-shaped (Aspidochirota), that is, provided with a disc, which 
is often divided into many parts. 
In certain genera (‚Synapta), the 
ambulacral feet are altogether 
wanting, and the tentacles re- 
main as the sole appendages of 
the ambulacral system (fig. 240). 
Locomotion is effected by the 
strongly developed dermal mus- 
cular system, the longitudinal 
fibres of which are attached to 
the calcareous ring surrounding 
the «sophagus. It is charac- 
teristice of the water-vascular 
system that the stone canal, 
which is usually simple, hangs 
freely in the body cavity, ending 
in a calcareous framework com- 
parable to the madreporie plate. 
Fıs. 240.—Synapta inharens (after Quatre- The respiratory trees at the end 
ae ee intestine of the intestine perform the func- 
tion of respiration, while certain 
glandular appendages (organs of Cuvier), which open into the rectum, 
may be regarded as eweretory organs: these, as well as the respiratory 
trees, may be wanting. The generative organs consist of a bundle of 
branched tubes, the duct of which opens on the dorsal surface in the 
region of the mouth. The genus Synapta is hermaphrodite. The 
development is in many Holothurians direct (as e.g. in Holothuria 
tremula according to Koren and Danielssen) ; where there is a com- 
plicated metamorphosis, the larve have the Auricularia form, and 
pass through a barrel-shaped pupa stage. 
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The Holothurians are partly nocturnal in their habits, and live at 
the bottom of the sea, for the most part in shallow places near the 
coast, where they crawl slowly upon the bottom. The Synaptide, 
which have no feet, burrow in the sand. They feed on the smaller 
marine animals, which, in the Dendrochirota, are carried to the 
mouth by means of the branched, tree-like tentacles.. The Aspido- 
chirota fill their intestine with sand, which they eject from the anus 
by means of the current of water from the respiratory trees. It is 
worthy of notice that they (especially the Aspidochirota) can eject 
through the anal opening the intestine, which breaks off easily 
behind the vascular ring, and are able to renew it. The Synapta, 
when irritated, are able to break their body into several pieces by 
violent muscular contractions. 


Order 1.—PEDATA. 


Numerous ambulacral feet, which are sometimes arranged regularly 
in the meridians, and sometimes distributed over the whole surface. 


Fam. Aspidochirote. With shield-shaped tentacles. Zolothuria L. With 
scattered ambulacral feet, which are conical on the dorsal side, and are without 
suckers. 4. tubulosa Gmel., Adriatic and Mediterranean; Z. edulis Less., 
the edible Trepang of the East Indian seas, 

Fam. Dendrochirote. With tree-like branched tentacles. (Cucumaria 
Blainv. Ambulacral feet arranged in regular rows. (. frondosa Gr. Psolus 
Oken. Ambulacral feet confined to the foot-like ventral surface of the trivium. 
Ps. phantapus. GT. 


Order 2.—APrODA. 


No ambulacral feet ; as a rule without respiratory trees ; the tentacles 
are usually branched or pinnate. 


Fam. Synaptide. Hermaphrodite and without respiratory trees. In the 
skin there are wheel-shaped calcareous bodies or projecting masses shaped like 
anchors, and aflixed to calcareous plates. Synapta digitata Mntg. with anchor- 
shaped calcareous bodies. J. Müller discovered in their bodies parasitic cylin- 
drical animals with spermatozoa and ova, which latter develop into small 
shell-bearing Gastropods (Entoconeha mirabilis). Chirodota Esch. Skin beset 
with rows of small tubercles bearing calcareous wheel-shaped bodies The 
genus Molpadia Cuv. is furnished with respiratory trees. 





ENTEROPNEUSTA. 


The remarkable genus Balanoglossus must be placed here. It is 
the representative of a class, Enteropneusta Gegenb.,* allied to the 
Echinodermata, but usually classed with the Vermes, and presenting 


* A. Kowalevski, “ Anatomie des Balanoglossus Delle Chiaje,’’ M&moires de 
'V’ Acad, imper. des Sciences de St. Petersbowrg, Tom X., No. 3,1866. L. Agassiz, 
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an affinity to the Tunicata by the mode of respiration, This in- 
teresting worm was discovered by Delle Chiaje, and its organization 
and development have been recently investigated by Al. Agassiz and 


Kowalevski [more recently by Bateson, @. J. Mic. ‚Sei. 1884] (ig. 241). 
The most inte- 


resting point about 
this form is the 
structure of its 
larva, which renders 
its relationship to 
the Zchinodermata 
probable. The larva 
was described by J. 
Müller as Tornaria, 
and was regarded 
by him as an Echi- 
noderm larva. It 
Fıe. 241.—Young Balanoglossus, strongly magnifled. Pr, Pro- does, in fact, possess 
boscis, the numerous branchial slits are visible. 

a double band of 
cilia, like Bipinnaria. Of these two rows of cilia, one, the pr=oral, 
forms a ring round the pr&-oral lobe, while the other is larger 
and runs in a more longitudinal direction so as almost to join the 

former near the 
apical pole. There 
is also a transverse 
pr&-anal ring of 
cilia (fig. 242, a, 5). 
Internally a diverti- 
culum of the ar- 
chenteron gives rise 
. to an independent 
sace forming the 
water-vascular sys- 
tem, while two 








Fıs. 242, a, b.—Tornaria larva (after E. Metschnikoff). a, Seen . . 5 
from the side; d. from the dorsal surface. O, mouth; A, PaıTS of diverticula 
anus; S, apex, W, rudiment of water vascular system; C, urni 
heart; P, P’, peritoneal sacs. na an a a 

rudiments of the 


body cavity. A pulsating heart is developed from a thickening of 


“ The History of Balanoglossus and Tormaria,” Memeirs of the American 
Academy of Arts and Sciences, Vol, IX., 1873, E. Metschnikoff, Zeitschr. 
f. wissensch. Zool,, Tom XX,, 1870, ; Deere 
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the ectoderm, and sinks into a depression of the water vascular 
vesicle. At the apical pole there is a thickening of the eetoderm 
resembling the apical plate of the larval Worms and containing two 
eye-spots. 

The development of the larva into the adult Dalanoglossus was 
first traced by E. Metschnikoff and then by A. Agassiz. The band of 
cilia gradually disappears, the pras-oral part of the larva becomes the 
proboseis, while the oral portion gives rise to the collar. The trunk 
is formed from the posterior elongated portion on which the posterior 
transverse ciliated band still persists. The 
anterior portion of the alimentary canal 
becomes pierced by paired branchial slits 
(figs. 243, 244). 

The body of 
the adult animal 
is worm-like and 
completely cili- 
ated; it can be 
divided by the 
external features 
into a number of 
different regions. 
The anterior end 
of the body is 
indicated by a 
proboscis well 
marked off and 
projecting like a 





5: Fıs. 244.—Stage in the conver- 
Fıs. 43.—Stage in the con- head. This is fol- sion of Tornaria into Balano- 


version of Tornaria into Bala- lowed by a Museu- a, a four pairs ge 
noglossus, with one pair of branchial slits. (after Al. 


branchlal slits (after E. Met- lar collar. Poste- Agassiz). Letters as in figs. 


schnikoff), seen from the side. rior to the collar 242, 243. 
Bo, external branchial open- 2 5 
ing; P, peritoneal sac; Ye, there is a longer portion of the body, the 


Aireular vessel; O, month; C, pranchial region, which may be divided into 
a median distinctly ringed part (branchie) 

and two lobed lateral portions usually filled with yellow glands. At 
the boundary, between the median portion and the two lateral lobes, 
there are on either side rows of openings which serve for the exit 
of the water from the branchial chamber. Then follows a third 
division of the body, the gastrie region, upon the upper side of 
which there are four rows of yellow glands (generative glands). 
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Between these, brownish-green prominences are visible (the hepatiec 
appendages of the intestine), which, towards the posterior extremity 
where the yellow glands disappear, are larger and more closely 
aggregated. Finally there follows a distinctly ringed caudal region, 
at the hind end of which is the anus. 

The contractile proboseis serves not only as a siphon to maintain 
respiration, but also as a locomotory organ. It projects above the 
level of the mud in which the animal is buried, and is said to take in 
water by a terminal aperture (the existence of this opening has been 
recently disputed) [and to pass it out into the mouth through a pore 
at its base]. 

The mouth lies behind the anterior margin of the so-called collar, 
and leads into a buccal cavity, the walls of which contain a great 
number of unicellular mucous glands. The portion of the alimen- 
tary canal which follows the buceal cavity bears the branchial frame- 
work, and is divided into a dorsal and ventral part by two longitudinal 
folds, so that it almost presents in transverse section the appearance 
of a figure of 8. The intestine does not hang freely in the body 
cavity, but, except in the region of the tail, is fastened to the body 
wall by connective tissue; it is, however, always very closely attached 
in the two median lines. Beneath the dorsal and ventral median 
lines, where the two principal vascular trunks are visible through the 
skin, two grooves, beset with strong cilia, run along the whole length 
of the intestine. From these grooves secondary grooves are given ofi, 
and as it were divide the whole surface of the intestine into islands. 
Some distance behind the branchial region, on the upper side of the 
intestine, the peculiar cell masses begin, which gradually assume the 
form of sac-like diverticula with ceiliated internal walls. These 
“ hepaticappendages” are either disposed in a simple row along each 
side (B. minutus Kow.), or densely aggregated together (B. clavigerus 
Delle Ch.) 

The branchial basket-work which is placed at the commencement 
of the alimentary canal projects on the anterior flattened part of the 
body in the form of a transversely ringed longitudinal fold, and con- 
tains a system of chitinous plates, which constitute its framework and 
are connected in a peculiar manner by transverse rods., The water 
taken in through the mouth passes through special openings in the 
wall of the anterior portion of the alimentary canal into the ciliated 
branchial spaces, to issue thence through the two rows of lateral 
pores on the dorsal surface of the branchial region. 

The vascular system consists of two median longitudinal trunks, 
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which give off numerous transverse branches to the walls of the 
intestine and body, and of two lateral trunks. The branchis receive 
their rich vascular supply entirely from the lower trunk. The upper 
trunk, in which the blood flows from behind forwards, divides at the 
posterior end of the branchi® into four branches, of which the two 
lateral ones pass to the lateral portions of the anterior part of the 
body. 

Certain fibrous cords, running directly beneath the epidermis in the 
dorsal and ventral median linesand branching into a net-work of fine 
fibrille, have lately been interpreted as nervous centres. These cords 
are described as being connected at the posterior end of the collar by 
a ring-like commissure. 

The generative organs are arranged in single rows in the branchial 
region, but posterior to this in double rows. During the breeding 
season they are extraordinarily developed, and the male and female 
can be easily distinguished by the difference in their colour. Each 
ovum is contained in a capsule, which is provided with nuclei, but is 
otherwise homogeneous. The eggs are probably laid in strings like 
those of Nemertines. 

These animals live in fine sand. They saturate the sand in their 
immediate vieinity with mucous. They fill their alimentary canal 
with sand, and move themselves by means of their proboscis, which, 
alternately elongating and retracting, draws the body after it. 
Both the species named were found in the Gulf of Naples. A third 
northern species of Balanoglossus was discovered by Willemoes-Suhm, 
and described as B. Kupferi. 


CHAPTER IX. 
VERMES. 


Bilateral animals with umsegmented or uniformly (homonomsus) 
segmented body. There are no segmented lateral appendages. A 
dermal muscular system and pwired excretory canals (water-vascular 
system) are present. 

SıncE the time of Cuvier, a number of groups of animals all 
characterised by the possession of an elongated laterally symmetrical 
body and by the absence of articulated limbs have been classed 
together as Vermes. This group includes such a variety of forms 
that attempts have already been made to break it up, and it will 
perhaps be necessary at some future time to separate the unseg- 
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mented from the segmented forms, under the respective heads of 
Vermes and Annelida. 

The form of the body, which is soft and adapted to live in damp 
media, is usually elongated, flat, or eylindrical, sometimes without 
rings, sometimes ringed, and sometimes divided into segments (meta- 
meres). In every case we can distinguish a ventral and a dorsal 
surface. It is on the first that the animal moves or attaches itself 
to foreign objects. The mouth is usually placed ventrally at the 
end of the body which is directed forward in locomotion. The con- 
trast between the flat, shorter form of body and the eylindrical and 
elongated seems, especially in the case of the non-segmented worms 
' (Vermes s. str.), to be of importance, so that on this ground we can 
establish the classes of Platyhelminthes or flat worms, and of 
Nemathelminthes orround worms. The segmented worms (Annelida) 
possess a ventral chain of ganglia 
in addition to the brain, and a 
segmentation of the organs which 
corresponds more or less with 
the external segmentation. The 
portions of the body which are 
primitively alike and are known 
as segments or metameres do 
not by any means always re- 
main homonomous. In the 

most highly developed segmented 
BT) ! worms, the two anterior seg- 
Wi LINE ments unite to form a division 
FıG. 245.- Head and anterior segments of of the body which foreshadows 

Bunice seen from the dorsal surface, 7, the head of the Arthropoda, and, 

nr. en @ er De ERERS like the latter, is pierced by the 

parapodia; Br, branchial appendages mouth, contains the brain, and 

ENEEEN: bears the sense organs (fig. 245). 
In the succeeding metameres there are also frequently variations of 
form which disturb the homonomy. 

The skin of worms presents very different degrees of consistence, 
and covers a strongly developed muscular system. In the skin we 
can distinguish a layer of cells (kypodermis) or, at any rate, a 
nucleated layer of protoplasm which functions as a matrix, and a 
superficial homogeneous cutieular layer which is secreted by the first- 
named layer or matrix and in the lower worms is extremely thin and 
delicate, In the Nemathelminthes it is often laminated, and can 
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even be separated into several layers. It is of considerable thickness 
in many Annelida (O’hetopoda), and may be perforated by pores. Cilia 
are found prineipally in the larval stages of Platyhelminthes and 
Annelida. Where there are no cilia, the superficial cuticular mem- 
brane, which may project in the form of tubercles or spines, consists 
of a substance allied to the chitin of the Arthropod skin, like which it 
may bear cuticular formations of many kinds, such as hairs, bristles, 
hooks, et. In many Nemathelminthes, as well a; in segmented 
worms, this firm cuticula gives rise to a kind of exo-skeleton, which 
opposes the contractions of the dermal muscular envelope. In the 
C'hetopoda among the Annelida, but also in the Kotifera, the tough 
integument is divided into a number of sections lying one behind the 
other. These, like the segments of Arthropoda, are connected by 
soft portions of skin and moved by the dermal muscles, which are 
divided into corresponding groups. The cutaneous segments of the 
Rotifera are not true metameres, since there is no segmentation of 
the internal organs. 

Cutaneous glands are very widely distributed ; they are sometimes 
unicellular, sometimes polycellular, and are sometimes situated 
directly beneath the epidermis, sometimes in the deeper tissues of 
the body. 

The tissue which lies beneath the hypodermis, and which we may 
call the cutis, contains in all cases longitudinal and in some cases 
also circular muscles, and so constitutes a muscular cutameous envelope, 
the prineipal locomotory organ of worms. Taking into consideration 
the importance of this dermal musenlar system in the locomotion of 
worms, we must attribute a certain systematie value to the special 
forms which it assumes, a value which, however, we must be careful 
not to exaggerate. The stratification and the direetion of the fibres 
of this dermal muscular system is most complicated in the Platyhel- 
minthes and in the Hirudinea amongst the O’hetopoda, for here we 
find the eircular and longitudinal muscles, which are embedded in a 
basis of connective tissue, crossed by muscle fibres, which run in a 
dorso-ventral direction (sometimes also by fibres running obliquely). 
To these may be added groups of muscular fibres, which serve to 
attach the internal organs to the integument. The suckers of tne 
parasitic worms, the pits and the parapodia with their sete of 
Chetopoda, must be looked upon as special differentiations of the dermo- 
muscular envelope. These aids to locomotion are mostly developed 
upon the ventral surface. The suckers and their accessory hooks, 
ete., are situated either near the two ends or in the middle of the 
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body; the parapodia are distributed in pairs on the individual seg- 
ments along the whole length of the body, and belong to the dorsal as 
well as tothe ventral surface, so that each segment bearsa dorsal and 
a ventral pair of parapodia. 

The internal organization of Worms is extraordinarily various. 
In those flat and round worms which live in the chyme or the other 
organic juices of the higher animals, as, for instance, the (’estoda and 
the Acanthocephala, the whole of the digestive apparatus, including 
the mouth and anus, may be wanting; the nutrition in such cases 
taking place by osmosis through the body-wall. When the alimen- 
tary canal is present, the mouth is usually situated ventrally in the 
anterior region of the body, while the anus is placed either terminally 
at the posterior end of the body, or near it on the dorsal surface. 
The alimentary canal is generally simple, and is only exceptionally 
divided into numerous portions corresponding to the special functions. 
A muscular pharynx can most often be distinguished, also a well 
developed stomach and a short rectum opening at the anus. 

The nervous system appears in its most simple form as an unpaired 
ganglion or, when the two parts of which it is composed are 
separated, as a pair of ganglia (fig. 76), which are placed near the 
anterior pole of the body above the &sophagus and genetically may be 
referred to the apical plate of Loven’s Chxtopod larva. The nervous 
system has more rarely the form of a nerve ring surrounding the 
@sophagus and connected with groups of ganglion cells (Nematoda). 
The nerves given off from the supra-@sophageal ganglion are distri- 
buted symmetrically forwards and laterally; they supply the sense 
' organs, and form two strong lateral nervous trunks, which run back- 
wards. In still higher types two larger ganglia appear, which are con- 
nected by an inferior commissure (Nemertinea). In the Annelids with 
degenerated metameres (Gephyrea) there is in addition to the supra- 
osophageal ganglion (the brain) a ventral nerve cord connected with 
the supra-esophageal ganglion by an ®sophageal ring. This nerve 
cord is in all other Annelids divided into a series of paired ganglia, 
which, in most cases, correspond to the segmentation. The lateral 
nerve trunks approach each other in the middle line below the ali- 
mentary canal, and constitute, together with their ganglia, which are 
connected together by transverse commissures, a ventral chain of 
ganglia, which is conneeted with the brain by the eircum-wsophagenl 
commissures, and is continued to the hind end of the body, giving off 
in its course paired nerves to the right and left. 

The sense organs are represented by eyes, auditory apparatus, and 
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tactile organs. The latter are joined to nervous expansions and 
special integumentary appendages (tactile hairs), and are present 
even in the parasitic Worms as papill® of the outer skin connected 
with nerves. In the free-living worms, these tactile organs fre- 
quently take the form of filiform, tentacle-like appendages on the 
head and segments (eirri). Auditory organs are not so generally 
present, and are represented by auditory vesicles (otocysts) either 
lying on the brain (some Turbellaria and Nemertinea), or on the 
asophageal ring (certain branchiate Worms among the Annehda). 
The organs of sight are simple pigment spots in connection with 
nerves (eye-spots), and may be provided with refractive bodies. The 
ciliated pits of the Nemertinea have been regarded as organs of smell. 
The eup-shaped organs of the Zirudinea and Gephyrea are also sense 
organs. 

A blood vascular 
system is wanting in 
the Nemathelminthes, 
the Rotifera, and the 
Platyhelminthes with 
the exception of the 
Nemertinea. In 
these cases, the nu- 
tritive fluid passes 
endosmotically into 
the body parenchyma Fig. 216.—Section through a body segment of Eunice. Br, 

. . branchial appendages; C, cirri; P, parapodia wıth tuft 
or into the body N of bristles; D, intestine ; N, nervous system. 
ty,and penetrates the 
tissues as a clear chyle, sometimes containing cellular elements. In the 
Nemertinea a blood vascular system is present, asalso in the @ephyrea 
and Annelida. In the latter it obtains the highest development, and 
may have the form of a completely closed vascular system provided 
with pulsating trunks. Inmost cases a dorsal contractile longitudinal 
trunk and a ventral vessel can be distinguished ; the two being 
connected in each segment by arched transverse vessels, which aıe 
sometimes pulsatile. Where a vascular system is present, the blood 
does not always appear clear and colourless like the fluids of the 
body cavity, but sometimes has a yellow, greenish, or more frequently 
red colour, which is in some cases connected with the presence of 





blood corpuscles. 
The function of respiration is usually performed by the general 
external surface of the body. Among the Annelila, however, we 
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find in the large marine O’hetopoda filiform or branched gills, which 
are usually appendages of the parapodia (fig. 246). A respiratory 
function may also be attributed to the tentacles of the Gephyrea. 

The exeretory organs. are represented by the so-called water-vas- 
cular system, which consists of canals of different sizes, symmetrieally 
arranged and filled with a watery fluid in which granules are sus- 
pended; they communicate with the exterior through one or more 
openings. The canals begin either as small passages in the tissues of 
the body, or free funnel-shaped openings in the body cavity. In 
the last case, they may subserve other functions; for example, they 
may conduct the generative products out ofthe body cavity. In the 
segmented Vermes they are paired, and are repeated in each segment 
as nephridia or segmental organs (fig. 70). A different arrangement 
is presented by the two lateral canals of the Nematoda, which lie in 
the so-called lateral lines or areas, and open by a common exceretory 
pore in the region of the pharynx. 

In addition to sexual reproduction an asexual multiplication by 
means of gemmation and fission (rarely by formation of germinal 
cells) is widely distributed, especially among the lower forms. 
This asexual reproduction is, however, frequently confined to the 
larv&, which differ from the sexually mature animal in form and 
habitation, and play the part of an asexual generation in the cycle 
of development. Almost all the Platyhelminthes and numerous 
Annelida are hermaphrodite; the Nemathelminthes, the Gephyrea, and 
Rotifera, and also the branchiate Annelids are of separate sexes, 
Many Worms pass through a metamorphosis; the larve are charac- 
terised by the possession of a pr&oral ring of cilia (Loven’s larva), 
or of several rings of cilia. In the (estoda and Trematoda, which 
possess in their embryonic stage the capability of asexual reproduc- 
tion, the metamorphosis assumes the form of a more or less com- 
plicated alternation of generations which is often characterised 
by the difference in the habitat of the two successive stages 
of development and by the alternation of a parasitic and free 
life. 

The vital activity of the Worms is in general of a low order, 
corresponding with their habitat. Many of them (Entozoa) live as 
parasites in the interior of the organs of other animals, some as 
ectoparasites on the external surface of the body, and feed on the 
juices of their hosts. Others live free in damp earth, or in mud; 
others, and these are the most highly organized forms, inhabit fresh 
and salt water. 
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CLASS I.—PLATYHELMINTHES, 


Vermes with a flat, more or less elongated body, with cerebral gan- 
glion. They are often provided with suckers and hooks, and are usually 
hermaphrodite. 

The series of forms included under this class are mostly Entozoa, 
or else live in the mud and beneath stones in the water. In their 
organization they occupy the lowest place among the worms. Their 
body is more or less flattened, and is either unsegmented or is divided 
by transverse constrietions into a number of successive divisions, 
which, although forming parts of one animal, yet have a strong 
tendency towards individualisation, and frequently attain to separa- 
tion and lead an independent life. These segments are products of 
growth in the direction of the long axis of the body, and stand in a 
special relation to reproduction. They are by no means to be con- 
sidered as necessarily indicating a high grade of organization, as does 
the segmentation of the Annelida. The alimentary canal may be 
altogether wanting (C'estoda), or, if present, may be without an anus 
(Trematoda, Turbellaria). The nervous system is usually composed of a 
double ganglion above the oesophagus, giving off small nerves anteriorly 
and laterally, and two stems backwards. In many Platyhelminthes 
simple eye-spots occur, either with or without refractive bodies, and 
more rarely there is an auditory vesicle. Blood-vessels and organs 
of respiration are found only in the Nemertinea. The excretory 
(water vascular) system is everywhere developed. With the excep- 
tion of the Microstomide and Nemertinea, hermaphroditism is the 
rule. The female generative glands consist of distinet yolk-glands 
and ovaries. The development very frequently takes place by a very 
complicated process of metamorphosis connected with alternation of 
generations. 


Order 1.—TURBELLARIA.* 


Free living Platyhelminthes with oval or leaf-shaped body, with 
soft skin covered with cilia. They possess a mouth and aproctous 


* Duges, “ Recherches sur l’organisation et les meurs de Planaires,” Ann. 
des Se. Nat., Ser. I, Tom XV. A.S. Oerstedt, “ Entwurf einer systematischen 
Eintheilung und speciellen Beschreibung der Plattwürmern,’”’ Copenhagen, 
1844. De Quatrefages, “ M&moire sur quelques Planariees marines,” Ann. des 
Se. Nat., 1845. M. Schultze, “ Beiträge zur Naturgeschichte der Turbellarien,” 
Greifswald, 1851. L. Graff, ‘‘ Zur Kenntniss der Turbellarien,” Zeitsehryft für 
Wiss. Zool., Tom XXIV. L. Graff, “Neue Mittheilungen über Turbellarien.” 
Zeitsch. f. miss. Zool., xxv., 1875. P. Hallez, “Contributions & l’bistoire 
uatnrelle des Turbellaries,” Lille, 1879. 
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alimentarycanal. Hooks and suckers are absent. A cerebral ganglion 
is present. 

The Turbellaria usually possess an oval flattened body, and reach 
only a small size. The uniform ciliation of the body is conneeted 
with their existence in fresh and salt water, beneath stones, in mud, 
and even in.damp earth. Only in exceptional cases do we meet 
with apparatuses for adhering, viz., small hooks and suckers. 

The skin consists of a single layer of cells, or of a finely granular 
layer containing nuclei, which is sup- 
ported by a stratified basal menm:brane, 
and covered externally by a special 
homogeneous membrane bearing ceilia 
and comparable to a cuticula. Peculiar 
integumentary structures, which have 
the form of rods or spindles, and, like 
the nematocysts in C«lenterata, take 
their origin in cells, are not unfre- 
quently present. Various pigments are 
also often found embedded in the epi- 
dermis, and of these pigments the green- 
coloured vesieles, in Vortex wiridis for 
example, which are identical with chlo- 
rophyl corpuscles, are specially worthy 
of remark. Pear-shaped mucous glands 
are also present. Beneath the conspicu- 
ous basement membrane which supports 
the epidermis lies the dermis. It con- 
tains the strongly developed dermal 
muscular system embedded in a connec- 
tive tissue layer formed of round, often 
Fıc. 247.—Alimentary canalandner- a RR DI u Bar 

vous system of Mesostomum Ehren- the body wall and the alimentary canal, 

bergii (after Graf). G, the two js, as a rule, absent ; it may, however, 
cerebral ganglia with two eye 

spots; St, the two lateral nerye in many cases be recognised as a system 

a canal with of Jacun®, or as a continuous cavity 

-  surrounding the alimentary canal. 

The nervous system consists of two ganglia connected by a com- 
missure, and giving off nerve fibres in various direetions ; of these, 
two especially large lateral trunks run backwards, one on either side 
(fig. 247). The latter are connected at regular intervals by delicate 
transverse trunks. In a number of dendrocalous Turbellarians a 
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diverticulum of the stomach runs forward above the transverse 
commissure in a groove between the two cerebral lobes (Zeptoplana),. 
In some genera of Planarians, a ring-shaped double commissure has 
been shown to exist in the brain (Polycelis), and ganglion-like 
swellings, from which nerves are given off, have been observed on 
the lateral nerve-trunks (Sphyrocephalus, Polycladus). 

With regard to sense organs, eye spots are tolerably widely distri- 
buted among the Zurbellaria. "They either lie in s 
pairs upon the cerebral ganglia or are connected 
with short nerves given off from the latter. More 
frequently two larger eyes with refractive struc- 
tues are developed. Otocysts are but rarely 
present, e.g., in Monocelis among the Ahabdocela 
a singie one is present lying upon the cerebral 
ganglion. The integument is without doubt en- 
dowed with a highly developed tactile sense ; the 
large hairs and stiff' bristles which project between 
the eilia may possibly be of importance in this 
relation. Lateral ciliated pits, which may also be 
explained as sense organs, are in rare cases present 
at the anterior end of the body (compare the 
Nemertinea). 

Mouth and digestive apparatus are never wanting 
but the former is frequently removed from the 
ventral surface of the anterior end of the body to 
the middle or, indeed, even to the posterior region, 
According to Metschnikoff and Ulianin, a stomach 
may in some cases be absent ((onvoluta, Schizo- 
prora), and be replaced, as in I/nfusoria, by a soft 
internal parenchyma. The mouth leads into a 
muscular pharynx, which can usually be protruded Fıa. 248.—Mierosto- 
after the manner of a proboseis. The alimentary a ar Fre 
canal, of which the internal wall is frequently produced by fis- 
ciliated, is either forked and then simple or on. Be 
branched (Dendrocela), or rod-shaped (Zhabdo- 
cela). An anus is never present. A peculiar tube capable of being 
evaginated as a proboseis, and without connection with the pharynx 
is sometimes also present (Prostomum). 

The exeretory (water-vascular) system consists of two transparent 
lateral trunks and innumerable side branches, which begin with 
closed eiliated funnels, and are furnished with vibratile cilia, which 
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project here and there freely into the vessels.. As a rule, several 
openings occur on the main trunk of this excretory apparatus. 
Reproduction may take place asexually by transverse fission, e.g., 
Derostomea (Catenula) and Microstomea (fig. 248). With the 
exception of the Microstomea, the Turbellaria are hermaphrodite; 
but steps intermediate between the hermaphrodite and the diecious 
condition seem by no means to be wanting, for, according to 
Metschnikoff, in Prostomum lineare the male generative organs 
are sometimes developed, while the female remain rudimentary ; 
and sometimes, on the other 
hand, the reverse holds.. In 
Acmostomum diecum also the 
sexes are separate. In the her- 
maphrodite forms the male sexual 
organs consist of testes, which 
'mostly lie as paired tubes at the 
sides of the body, also of vesi- 
cul® seminales, and of a protru- 
sible copulatory organ beset with 
hooks. The female organs con- 
sist of ovaries, yolk glands 
(vitellarium), a receptaculum 
seminis, a vagina, and a uterus 
(fig. 249). The male copula- 
tory organ and the vagina open 
as a rule by a common orifice 
upon the ventral surface. Some- 
times, as in the Rhabdocale 





249.—Generative apparatus of Mesosto- e 
mum Ehrenbergii (combined from Grat gemus Macrostomum, the vitella- 


and Schneider), S, Pharynx; Go, sexual rjum (yolk gland) and ovary 
openings; Ov, ovary; Ut, uterus, with 2 = 
winter eggs; Do, yolk gland; Dg, duct Ate united; the ova being 


ofyolk gland; T,testis; Vd, vas deferens; produced at the upper blind end 


P, penis; Rs, receptaculum seminis. 


of the ovary, and the yolk at the 
lower end of the same gland. In the marine Dendrocela, on the 
other hand, the vitellarium is generally absent. After fertilization, 
a hard, usually reddish-brown shell begins to be formed round the 
ovum. In such cases, the hard-shelled eggs are laid; but among the 
Rhabdocala, in Schizostomum and certain Mesostomea (M. Ehren- 
bergii), transparent eggs furnished with thin, colourless capsules, 
and undergoing development in the body of the parent, are often 
produced. According to Schneider, the production of these thin- 
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shelled or summer eggs invariably precedes that of the hard-shelled 
or winter eggs, and the summer eggs are normally self-fertilized. 

In rare cases the hermaphrodite generative organs present a 
segmentation recalling that of the ('estoda (Alaurina composita). 

The freshwater 7'urbellaria, as well as many of the marine forms, 
undergo a simple direct development, and in the young state are often 
difieult to distinguish from /nfusoria. Other marine Dendrocala 
undergo a metamorphosis, the larve being characterised by the 
possession of finger-shaped ciliated lobes (fig. 251). 

(1) Sub-order: Rhabdocela. The body is round and more or less 
flat. The intestine is cylindrical, and there is usually a protrusible 
pharynx. They are usually hermaphrodite. 

The Rhabdoceelous Turbellarians are the smallest and most simply 
organised forms. The intestine is cylindrical and elongated, and is 
sometimes provided with lateral diverticula. The position of the 
mouth varies exceedingly, and has been employed as a prineipal 
characteristie for distinguishing the various families. Sometimes 
salivary glands are present, opening into the pharynx. According 
to Ulianin’s discovery, which has been several times confirmed, the 
alimentary canal may be wanting in many forms, and be replaced 
by a central cavity, filled with a substance containing numerous 
vacuoles and rich in oil globules (Convoluta, Schizoprora, Nadina). 
In those Rhabdocela which possess an alimentary canal, interstices 
and spaces in the connective tissue parenchyma are often present: 
these must be related to a body cavity. In some cases (in Prostomum) 
the body cavity may be recognised as a continuous space filled with 
fluid and surrounding the alimentary canal. The Zhabdocela live 
on the juices of small worms and of the larve of Entomostraca and 
Insecta, which they envelop with a cutaneous secretion containing 
small rods, and afterwards suck. They are mostly inhabitants of 
fresh water, and only a few of them are to be met with in the sea 
or upon the land (G@eocentrophora sphyrocephala). 


Fam. Opisthomid&. The mouth is placed at the posterior end of the body 
and leads into a tubular pharynx, which can be protruded like a proboscis. 
Monocelis agilis M. Sch., Opisthomum pallidum O. 8. 

Fam. Derostomide. Mouth placed slightly behind the anterior margin ; 
pharynx barrel-shaped. Derostomum Schmidtianum M. Sch., Vortex viridis, 
M. Sch., Catenula lemne Dug. 

Fam. Mesostomide. Mouth placed nearly in the middle of the body, 
pharynx ringlike, cylindrical or resembling a sucker. Mesostomum Ehrenbergii 
Oerst., with two eyes. 

Fam, Convolutide. (Acoela). Without alimentary canal, The ovariesand 
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yolk glands are not separate. Conmvoluta Oerst. (, ONBARREE Oerst., North 
Sea, Baltic. Schizeprora O. 8. 

Fam. Prostomide. The mouth, which is situate on the IR, surface, leads 
into a muscular pharynx. At the anterior end there is a protrusible tactile 
proboscis furnished with papille. Prostomum Oerst. (Gyrator Ehrbg. E 
lineare Oerst. With pointed penial spine at the posterior end, imperfectly 
hermaphrodite, living prineipally in fresh water, Pr. helgolandicum, Kef., 
completely hermaphrodite. 

Fam. Microstomide. ZAhabdocela with separate sexes. The small but very 
extensible mouth lies near the anterior end of the body. There are laterally 
placed ciliated pits near the 
anterior end of the body. 
Formation of metameres 
and transverse fission fre- 
quently occur. NMicrosto- 
mum lineare Oerst. (fig. 
245). 


(2) Sub-order: Den- 
drocela. The body is 
broad and flat, and the 
lateral margins are often 
plicated. There are ten- 
tacle-iike processes at 
the anterior end. There 
isa branched alimentary 
canal and a muscular 
pharynx which is usu- 
ally protrusible. They 
are, as a rule, herma- 
phrodite. 

The Dendrocela are 
mostly marine, but also 
live in fresh water and 
on land. In their ex- 
Fıe. 250.—Anatomy of Polycelis pallida (after Quatre- ternal N ie 7 


' fages). G, Cerebral ganglion with the nerves given resemble the Trema- 


off from it; O, mouth; D, branches of intestine; On, > 
ova; Od, oviduct; F, vagina; W.Goe, female gene- todes, and the branching 
rative opening; 7, testes; M.@oe, male generative of their straight or 


opening. forked intestine is a 





character common to the larger species of the latter. Compared 
with the Rhabdocela, they are distinguished by the greater develop- 
ment of their bi-lobed cerebral ganglion, as well as by the greater 
number of their eyes (fig. 250). The rows of papille, or the 
tentacle-like processes at the anterior end of the body have 
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probably the function of tactile organs. The mouth usually lies 
in the middle of the body, and leads into a wide and protrusible 
pharynx. The skin is often provided with glands, the secretion 
of which in certain land Planaria (Bipalium, Rhynchodesmus) 
hardens to a fibrous web. They are almost always hermaphrodite. 
The fresh-water forms possess a common 
generative opening, while in the marine 
forms the generative openings are usu- 
ally separate (fig. 250). In the latter 
case a separate vitellarium is absent. 
In some marine forms development 
takes place with metamorphosis, as is 
shown by the larva discovered by J. 
Müller, which possessed six provisional 
finger-like ciliated lobes (fig. 251). 
In the fresh-water Planarians develop- 
ment is direct. The cocoon, when laid, 
contains four to six small eggs. At the 
close of segmentation there is developed 
a layer of cells, which is said to split 
into two layers, an upper or animal layer, from which are derived 
the body wall and muscular system, and a lower or vegetative, from 
which the alimentary canal is formed. The marine Dendrocala fre- 
quently deposit their eggs in the form of broad bands. 

1. Monogonopora Stimps. Den- 
drocela with single sexual opening. 
The land and fresh-water Planaria be- 
long to this group. 





Fıs. 251.—Larva of Eurylepta auri- 
culata, after Hallez. 


Fam. Planariade. The body is of a long, 
oval, flattened shape, and is often provided 
with lobed processes, more rarely with ten- 
tacles, and, as a rule, with two eyes, which 
are provided with lenses, Planaria O. Fr. 
Müller, two eyes, no tentacles. I. torva, 

- M. Sch. (divided by O, Schmidt into lZugubris, 
Fıs, 252.—Planaria polychroa (a), polychroa, and torva) (fig. 252). Pl. dioiea 
lugubris (b), torva (e), About twice Clap., with separate sexes, Dendrocelum 

7 Zasunel, Miro NEE. Cs , Gore, Distinguished by the possession of 

chmidt). 

lobed processes on the head, also by the 

presence of a copulatory organ placed in a special sheath. D. Zacteum Oerst., 
Polycelis nigra, brunnea O. Fr. Müll. 

Fam. Geoplanide.* Land Planarians, They are characterised by their 





* Besides M. Schultze, Stimpson, Metschnikoff, Grube, etc., compare H.N. 
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'elongated and flattened body, which is provided with a foot-like ventral surface, 
Geoplana lapidicola Stimps., Rlyynehodesmus terrestris Gm. (Faseiola terrestris, 
0. Fr. Müller), Europe. Geodesmaus bilineatus, Metschn., with thread cells in 
the integument, found in potter’s earth, 


2. Digonopora. Dendroc«la with double sexual opening. Almost 
all are marine. The proboseis is often folded and lies within a 
special pouch. When protruded, it spreads out like a lobe. 


Fam. Stylochide. The body is flat and rather thick, and is provided with 
‘two short tentacles on the head. There are usually numerous eyes on the 

tentacles or on the head. The genital openings are posterior. Stylochus macu- 
latus Quatr. ; 

Fam. Leptoplanide. Body flat and broad, usually very delicate. Cephalie 
region not distinet, without tentacles. The eyes are more or less numerous, 
The mouth is usually placed in front of the middle of the body. The genital 
openings lie behind it. Zeptoplana tremellaris O, Fr. Müll., Mediterranean. 

Fam. Euryleptide. Body broad, and either smooth or furnished with 
papille. There are two tentacle-like lobes on the anterior region of the head. 
The mouth is placed in front of the middle of the body. Numerous eyes are 
disposed near the anterior margin. Marine. ZThysanozoon Diesingii Gr, 
Mediterranean. Zurylepta auriculata O. Fr. Müller, North Sea, 


Order 3.—TREMATODA.* 


Parasitic Platyhelminthes with unsegmented, usually leaf-shaped, 
rarely cylindrical body. They possess «a mouth and ventrally placed 
orgam for attachment : the intestine is forked. and without an anus. 

The Trematodes are with great probability to be derived from 
the Zurbellaria, with which group, both in form and organization, 
they show a close relationship. In connection with their parasitie 
mode of life they develop special organs for adhering, such as 
suckers and hooks. Cilia are present only in larval life, 

The mouth is invariably placed at the anterior end of the body, 
usually in the middle of a small sucker (fig. 253). It leads into 
a muscular pharynx with a more or less elongated esophagus, which 
is prolonged into a forked intestine ending blindly. 

Moseley, “ Notes on the Structure of Several Forms of Land Planarians,” etc. 
Journal of Mier. Science, vol. xvii. 

* A. v. Nordmann, “ Mikrographische Beiträge zur Kenntniss der wirbellosen 
Thiere,” Berlin, 1832, G. G. Carus, “ Beobachtung über Leueochloridium 
paradoxum, etc.,” Nov. Act., vol. xvii., 1835. Wagener, “ Ueber Gyrodactylus 
elegans,” Müller’s Archiv., 1860. Van Beneden, “ M&moire sur les vers intes- 
tinaux,” Paris, 1861. E. Zeller, “ Untersuchungen über die Entwickelung und 
den Bau von Polystoma integerrimum, Zeitschr, f. wiss. Zool., vol. xxii., 1872, 
E. Zeller, * Untersuchungen über die Entwickelung von Diplozoum paradox- 
um,” ./bid., vol. xxiii., 18973, E. Zeller, “ Ueber Leucochloridium paradoxum 
und die weitere Entwickelung seiner Distomumbrut,” Zbid.. Tom XXIV, 


E, Zeller, “* Weiterer Beitrag zur Kenntniss der Polystomeen,” Zbid., xxvii., 1876. 
Compare also the works of G, Wagener and De Filippi. 
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The excretory apparatus consists of two large lateral trunks and 
a network of fine vessels permeating the tissues and beginning with 
small ciliated lobules.. The two large trunks open into a common 
contractile vesicle, which opens to the exterior at the posterior end 
of the body (fig. 253, Zp). The exeretory system contains a watery 
fluid with granular concretions. This fluid is probably an exeretory 
product, corresponding to the urine of higher animals. 

The nervous system consists of & double ganglion lying above the 
wsophagus, and from it several small nerves and two posteriorly 
directed lateral trunks are said to be given off. Zye spots with 
refractive bodies are sometimes present in the larve during their 
migrations. Locomotion is eflected 
by the dermal muscular system and 
the organs of attachment, viz., the 
suckers and hooks, which present 
numerous moldifications in aumber, 
form, and arrangement. In general, 
the size and development of these 
organs are related to the endo- 
parasitie or ecto-parasitic mode of 
life. In the endo-parasitic Trema- 
todes they are less developed, and 
usually consist of the oral sucker and 
a second larger sucker on the ven- 
tral surface, either near the mouth, 
as in Distomum, or at the opposite 
pole of the body (Amphistomum). 


This large sucker may, however, be Fıe. 253.—Young Distomum (after La 
Valette). Ex, trunk of the excretory 





absent (Monostomum). The ecto- (water vascular) system; Ep, excre- 

er tory pore; O, mouth with sucker; 
parasıtic Poly len on the other S, sucker in the middle of the ventral 
hand, are distinguished by a much surface; P, pharynx; D, forked in- 


more powerful armature, for besides testine. 


two smaller suckers at the sides of the mouth, they possess one or 
more large suckers at the posterior end of the body (fig. 258), which, 
moreover, may be supported by rods of chitin. There are often 
in addition chitinous hooks, and very frequently two larger hooks 
among the posterior suckers in the middle line (7). 

The Trematoda are mostly hermaphrodite. As arule, the male and 
female generative openings lie :ide by side, or one behind the other, 
not far from the middle line of the ventral surface, near the anterior 
end of the body (fig. 254). The male opening leads into a sac, the 
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eirrus sac, which encloses the protrusible terminal part (eirrus) of the 
vas deferens. The vas deferens soon divides into two, which lead 
back to the two large simple or multilobed testes. The supposed 
third vas deferens, which, according to v. Siebold, runs from one 
testis to the female sexual apparatus, so as to permit of direct ferti- 
lization without copulation, has been recognized as a vagina opening 
to the exterior on the dorsal surface (canal of Laurer). The 
female organs consist of a convo- 
luted uterus and of the glands 
concerned in the preparation of the 
egg, viz, an ovary and two yolk 
glands. There is sometimes in ad- 
dition a special shell gland. The 
true ovary which produces the pri- 
mary ova is a round body, and is 
usually placed in front of the testes, 
The yolk glands which seerete the 
yolk are much ramified tubular 
glands, and fill the sides of the body 
(fig. 254). The yolk particles come 
in contact with the primary ova in 
the first portion of the uterus, and 
surround them in greater or less 
quantities. Subsequently each 
ovum, with its investment of yolk, 
. is surrounded by astrong shell. The 
ova in their passage along the uterus 
become packed together, often in 
great numbers, and undergo the 
stages of embryonie development 
in the body of the parent. Most 


FıG. 254.—Distomum hepaticum (after Trematodes lay their eggs; only a 
Sommer). O, Mouth; D, limb of in- 2; 12 ° 
testing; 8, sucker; 7, testes; Do, few are VLV TU EE E 
vitellarium ; Ov (uterus), oviduct;; Dr, The just-hatcehed young either 


OT possess (in most Polystomea) the 
form and organization of the parent; or they present the phenomenon 
of a complicated alternation of generations (heterogamy) connected 
with a metamorphosis (Distomea). In the first case, the large eggs 
become attached in the place where the mother lives; in the last 
case, the relatively small eggs are deposited in a damp place, usually 
in the water. Afterthe completion of the segmentation and the em- 
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bryonie development, the contractile, usually ciliated embryos* (fig. 
255, «), which already possess the first rudiments of an exceretory 
system and more rarely a sucker with a mouth and alimentary canal, 
leave the eggand wander about independently in search of a new host. 
The latter is, as a rule, a snail, into the interior of which they pene- 
trate and therebecome transformed into simple or branched Sporoeysts 
(without mouth and alimentary canal, fig. 255, c), or into Redie 
(with mouth and alimentary canal, fig. 255, d). These give rise, by 
means of the so-called germs [cells Iying in the body cavity of the 





Fıs. 255.—Developmental history of Disfomum (partly after R. Leuckart). a, free swimming 
ciliated embryo of the liver fluke. 5, the same in a state of contraction with rudimentary 
alimentary canal (D) and cell mass (Ov) (rudiments of the genital glands). Ex, ciliated 
apparatus of the rudimentary excretory system. c, sporocyst developed from a Distomum 
embryo, filled with Cercari® (C); B. Boring spine of a Cercaria. d Redia with pharynx, 
(Ph), and alimentary canal (D); O, mouth; Ex, Excretory organ; C, Cercaria inside 
Redia. e, Free Cercaria; $, sucker ; D, alimentary canal. 


sporocyst or redia], which probably correspond to the germinal cells 
(primitive ova) of the rudimentary ovary, to the generation of the 


* As R. Leuckart has rightly observed, the Dieyemid@, which were regarded 
as Mesozoa by Ed. v. Beneden, as well as the Orthoneetid@, which have 
recently been especially investigated by Giard and E. Metschnikoff, and which 
in the reproductive stage do not rise above a form corresponding to the embryos 
of Trematodes, recall these Distomum larv. 
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tailed Cercarie, or to another generation of Sporocysts or Redie,* 
which then produce the Cercarix. 

The Cercarie are nothing else than Distomum larv®, which 
eventually reach (often only after two migrations, an active and a 
passive one) the final host, where they become sexually mature. 
They are furnished with an exceedingly motile caudal appendage, 
frequently with a buccal spine, and oecasionally with eyes, and they 
present in the rest of their organization great resemblances to the 
adult Distomum, excepting that the generative organs are not 
developed. In this form they leave independently the body of the 
Redia or S'porocyst and of the host of the latter, and move about 
in the water, partly creeping and partly swimming. Here they 
soon find a new host (Snail, Worm, Insect larva, Crustacean, Fish, 
Batrachian), into which they penetrate, aided by the powerful 
vibrations of their tail; they then 
lose the latter and encyst. 

The Cercarie from the interior 
of the snail thus become distributed 
amongst a number of hosts, and each 
of them gives rise to an encysted 
young Distomum without generative 
organs.. This young Distomum mi- 
grates passively with the flesh of its 
host into the stomach of another 
animal, and thence, freed from its 
cyst, into the organ (intestine, bladder 
Fra. 256.—a, Embryo of Diplodiseus, tC.), in which it becomes sexually 


subelavatus (after G. Wagener). mature. 
D, Alimentary canal; Ex, excre- 
ers ira Ge There are, then, as a rule, three 


mostomum mutabile (after v. Sie- different hosts in the organs of which 
bold). ?, Pigment spots; X, 3 
redia in tho interior of the embryo. the different developmental stages 
(Redia or Sporocyst, encysted form, 
sexually mature animal) of the Distomum bury themselves. The 
transitions from one host to another are effected partly by inde- 
pendent migration (embryos, Cercarie), partly by passive migration 
(encysted young Distomum). 
Modifications of the ordinary course of development may, however, 
take place ; these may be either complications or simplifications, The 
embryo at hatching may contain a single Redia (as in Monostomum 





* In Cercaria oystophora from Planorbis marginatus; according to G. 
Wagener, the primary asexual individual is a Sporveyst, the secondary a Redia, 
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avum and mutabile), which it carries about until it enters the first 
host (fig. 256, 5). In other cases ths course of derelo»ment is sim- 
plified by the omission of the second intermediate host, viz., that 
which contains the encysted immature Distomum (Cercaria macro- 
cerca of Distomum cygnoides, also Zeucochloridium in the tentacles of 
Helix suceinea). 

(1) Sub-order: Distomea. Trematodes with at most two suckers, 
without hooks. They develop with a complicated alternation of 
generations. The asexual individuals and the larv«e live principally 
in Mollusca, the sexually mature animals in the alimentary canal of 
Vertebrates. 

The sexes are completely separated in 
Distomum hematobium (from the veins of 
man); individuals of the two sexes being 
united in pairs (fig. 257). Dimorphic forms 
are found in certain species of the genera 
Monostomum and Distomum in connection 
with the division of labour of the sexual 
functions; one individual develops only male 
sexual organs, and the other only female, the 
former producing spermatozoa and the latter 
ova. The rudiment of the functionless 
generative gland undergoes in these cases a 
more or less complete degeneration. Such 
Distomea are morphologically hermaphrodite, 
but practically of separate sexes. 

The complete biology and developmental REN. 
history is unfortunately only satisfactorily Ddium. Male and female, 
known for a few species which can be fol- !h° latter being im the 


canalis gyn®cophorus of 
lowed through all the stages of development. theformer. 8, sucker. 





Fam. Monostomid®. Of an oval, elongated, more or less rounded form, with 
only one sucker, which surrounds the mouth. NMonostomum Zeder. Sucker 
surrounding the mouth ;. pharynx powerful. Sexual openings but slightly 
removed from the anterior end. M. mutabile Zeder, in the body cavity and in 
the orbit of various water-birds ; viviparous. M. flavum Mehlis, in water-birds, 
develops from Cercaria ephemera of Planorbis. M. lentis v. Nordm., the 
young form without generative organs is found in the lens of the human eye. 
M. bipartitum Wedl., living in pairs enclosed in a common cyst, the one indi- 
vidual surrounded by the lobed posterior end of the’other ; branchise of Tunny- 
fish. 

Fam. Distomid:e. Body lancet-shaped, frequently spread out, more rarely elon- 
gated and rounded witha large median sucker;; in front o£ which lie the genital 
openings, usually close together, 

21 
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Distomum. Median sucker approached to theanteriorone. D. hepaticum L. 
Eiver fluke. With conical anterior end, and numerous spine-like prominences 
on the surface of the broad leaf-shaped body, which is about 30 mm. long. 
Lives in the bile-Cu:ts of sheep and other domestie animals, and produces 
the liver disease of the sheep. Itis occasionally found in Man, and bores its 
way into the portal vein and into the system of the vena cava. The elongated 
embryo only develops after the egg has remained a long time in water ; it has 
a continuous ciliated envelope with an X-shaped eye-spot. RB. Leuckart's re- 
searches have rendered it probable that the development is passed through in 
the young Zimneus pereger and truncatulus, that here the embryo becomes a 
Sporocyst, and that this produces Redie, in which it is supposed that tailless 
Distomea arise, 

[The life-history of the liver-fluke has been completely worked out by A. P, 
Thomas (Quart. Journal of Mieroscopical Sei. 1883, pp. 99—133). He has 
shown that. the ciliated embryo passes into Zimneus truncatulus, and there 
gives rise to a sporocyst which produces redie. The redie produce more 
redi@ or Cercarie. The Cercarie, which are provided with long tails, leave 
the host (Zimneus truncatulus), swim about for a short time in the water, and 
encyst on foreign objects, e.g. blades of grass. In this condition they are eaten 
by the sheep. ] 

D. crassum Busk., in the alimentary canal of the Chinese, one to two inches 
in length, and half-inch broad, without spinous prominences, with a simple 
forked intestine. D, lanceolatum Mehlis. Body elongated into the form of a 
lancet, 8—9 m.m. long, lives in the same place with D. hepaticum. The embryo 
develops at first in water, is pear-shaped, and only ciliated on the anterior half 
of the body, bears a styliform spine on the projecting apex. D. ophthalmobium 
Dies. A doubt£ul species of which only four specimens have been observed in the 
lens capsule of a nine-months’ child. D, heterophyes Bilh. v Sieb. 1-1'5 mm, 
long, in the alimentary canal of man in Egypt. D. geliath van Ben., 80 mm, 
long, in Pterobalena. Numerous species live in the alimentary canal, lungs, 
and bladder of the frog. Distomum filicolle Rud. (D. Okeni Köll) in pairs in 
the mucous sacs inthe branchial cavity of Drama Raji. The one individual is 
cylindrical and narrow, and produces spermatozoa ; the other is swollen in the 
middle and posterior region of the body, and isfilled witheggs. The dissimilar 
development of the two individuals is probably due to the fact that copulation 
only leads to the fertilization of one of them, which alone is able to perform 
the female sexual functions. D. hamatobium. Bilh. v. Sieb. (@ynecophorus 
Dies) (fig. 257). Body elongated ; sexes separate. The female is slender and 
eylindrical. The male has powerful suckers, and the lateral margins of the 
body are bent round so as to form a groove, the canalis gyn®cophorus, for the 
reception of the female. They live in pairs in the portal vein, and in the veins 
of the intestine and ofthe bladder of man in Abyssinia. According to Cobbold, 
the emibryos are ciliated, and possess a tolerably well developed excretory 
system. By the deposition of masses of their eggs in the vessels of the ınucous 
membrane of the ureter, bladder, and great intestine, inflammation is set up, 
which may cause hematuria. 


(2) Sub-order: Polystomea.—Trematodes with two small lateral 
suckers at the anterior end, and one or more posterior suckers, to 
which two large chitinous hooks are often added. In exceptional 
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cases (Tristomum coceineum) transverse rows of bristles are found. 
Paired eyes are frequently present. In some species the elongated 
body presents a kind of external segmentation. They are for the 
most part ectoparasitic, to a certain extent like the Zirudinea, and 
they develop directly without alternation of generations from eggs 
which are usually hatched in the locality inhabited by the mother. 
Sometimes the development is a metamorphosis (Polystomum), and 
the young larvz live in another place. 

The development of Polystomum integerri- 
mum from the bladder of the frog is the best 
known, owing to the researches of E. Zeller 
(figs. 258, 259). The production of eggs begins 
in the spring, when the frog awakes from 
hibernation and proceeds to pair. It lasts 
from three 
2 to four 
A. weeks. It 
‘ is easy then 
to observe 
the Polysto- 
mea in the 
process of 
reciprocal 
copulation. 
When the 
eggs are 


Fıs. 259.—Egg with embryo(a@),and hatched being laid, 
larva (b) of Polystomum integerrimum ; Dk, “ 
operculum (after E. Zeller). the parasıte 

forces the 


anterior end of the body with the genital Fıe. 258.—Polystomum inte- 
F gerrimum (after E. Zeller). 
opening through the mouth of the bladder %, mouth; Go, genital 
nearly as far as the anus. The development °pening ; D, intestine ; 
j W, copulatory opening 
of the embryo takes place in water and occu- (lateral pads); Dg, yolk 
m . 4 , gland duct; $, sucker ; 
pies a period of many weeks, so that the a endke, 
young larve are only hatched when the tad- 
poles have already acquired internal gills. The larve resemble 
Gyrodactylus, and possess four eyes, a pharynx and alimentary canal, 
as well as a posterior dise (for attachment), which is surrounded by 
sixteen hooks. They possess five transverse rows of cilia; three are 
ventral and anterior, two dorsal and posterior. There is also a 


eiliated cell upon the anterior extremity. The larve now migrate 
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into the branchial cavity of the tadpole, lose their cilia, and are 
transformed into young Palystomea by the formation of the two 
median hooks and of the three pairs of suckers upon the posterior 
disc. The young Polystomum, eight weeks after the migration into 
the branchial cavity, at the time when the latter begins to abort, 
passes through the stomach and intestine into the bladder, and there 
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Fıs. 260.—Young Diplozoon (after E. Zeller). a, Two young Diporpa beginning to attach 
themselves together. d, After both individuals haye attached themselves. ©, mouth; 
H, fixing apparatus; Z, papille; @, sucker. 


only becomes sexually mature after three and more years. In some 
exceptional cases, and always when the larva has passed on to the 
gills of a very young tadpole, it becomes sexually mature in the 
branchial cavity of the latter. The forms then remain very small, 
are without the copulatory 
canals and uterus, and die 
after the production of a 
single egg, without ever 
getting to the bladder. 


Fam. Polystomide. With seve- 
ral posterior suckers, which are 
usually paired and arranged in 
two lateral rows, and are rein- 
forced by an armature of hooks, 
The genital openings are fre- 
Fra. 261.—Egg (a) and larva (b) of Diplozoon (after Quently surrounded by hooks, 

E. Zeller). Many species have a length of 
only a few lines. 

Polystomum Zed., with four eyes; with no lateral suckers at the anterior 
end, but with oral sucker; with six suckers, two large median hooks and 
sixteen small hooks at the posterior end. P. integerrimum Rud., in the 
bladder of Rana temporaria, P. ocellatum in the pharyngeal cavity of 
Emys. In the formation of the testis and the absence of the uterus it 
resembles the adult form of P. integerrimum from the branchial cavity of 
thetadpole. Octobothrium lanceolatum Duj. Onchocotyle appendieuleta Kuhn, 
on the gills of Elasmobranchs, ; 

Diplozoon v, Nordm, The animal is double, two individuals being fused to 
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form an X-shaped double animal, the posterior ends of which are provided with 
two large suckers divided into Aadr pits, In the young state they live solitarily 
as Diporpa ; they then possess a ventral sucker and a dorsal papilla (260 a, @ 
and Z). In the double animals the formation of ova is confined to a definite 
period of the year, usually the spring, The eggs are laid singly after the forma- 
tion of the thread by which they are attached, and two weeks later the embryo 
(ig. 261, 5), which only differs from 
Diporpa in the possession of two eye- 
spots and a ciliated apparatus upon the 
sides and on the posterior extremity of 
the body, is hatched. When an oppor- 
tunity of fixing itself on the gills of a 
fresb-water fish occurs, the young animal 
loses its cilia and becomes a Diporpa, 
which possesses, besides the characteristie 
apparatus for attachment, the alimentary 
canal, and the two excretory canals with 
their openings at the anterior part of the 
body (at the level of the pharynx), and 
sucks the branchial blood. The junction 
of the two Diporpa soon follows; and 
this does not take place, as was formerly 
believed, by the fusion of the two ventral 
suckers, but in such a manner that the 
ventral sucker of each animal aflixes itself 
to the dorsal papilla of the other, and 
fuses with it (fig. 260, 5). D. paradoxum 
v. Nordm,, on the gills of many fresh- 
water fish. 

Fam. Gyrodactylide. Very small Tre- 
matodes with large terminal caudal disc 
‘and powerful hooks. They are viviparous, 
.producing a single young one (first gene- 
jration) at a time, within which, while 
‘still in the body of the parent, another 
young one (second generation) may be 
present, and in this yet another (third 
generation). V. Siebold believed that he 
had observed a young animal developing 
from a germ cell of Gyrodactylus, and 
that this became pregnant during its 
development. He regarded the G@yro- 
dactylus as an asexual form, since he 
failed to find organs for the production 
of sperm. G. Wagener, however, showed 
that the reproduction is sexual, and 
conceived the idea that the germs from which the second and third generations 
are formed are derived from the remains of the fertilized ovum from which 
the first generation is formed. Metschnikoff, too, is of the opinion that the 
individuals of the first and second generations are formed at the same time 
from a common mass of similar embryonic cells. Gyrodactylus v. Nordm., 
@. elegans v. Nordm., from the gills o£ Cyprinoids and fresh-water fish. 







































































Fı.262.—Tenia saginata (mediocanellata), 
natural size (after R. Leuckart). 
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Order 3.— Ü:sToDA.* 


Eiongatel and usually segmented Platyhelminthes without mouth 
or alimentary camal, with organs for attachment at the anterior 
extremity. £ - 

The tape-worms, which may easily be recognised by their band- 
shaped usually segmented bodies, are parasitie in the alimentary 
canal of Vertebrata, and were formerly taken for single animals. 
Steenstrup was the first to introduce a different view, according 
to which the tape-worm is a colonial animal, a chain of single 
animals, each segment or proglottis being an individual. There are, 
however, (estoda, like Caryophylleus, which are destitute both 
of external segmentation and of segmentation of the gene- 
rative organs; while in other cases the segments of the body 
are clearly differentiated, and each is provided with a set of genera- 
tive organs, but they do not attain individual independence. The 
proglottides, however, usually become separated off, and in some 
cases (Hchineibothrium) after their separation from the body of the 
tape-worm continue to live for a long time independently, and even 
increase considerably in size; so that although the individuality 
of the tape-worm may be justly insisted on, yet the subordinate 
and morphologically more restrieted degree of individuality of the 
proglottis must also be admitted. This is the only satisfactory 
mode of regarding the Cestoda; especially as the entire tape-worm, 
and not the proglottis alone, corresponds to the Trematode, and is 
to be derived from the latter by a simplification of organization and 
loss of the alimentary canal. 

The anterior part of the tape-worm is narrow, and presents & 
terminal swelling by which it attaches itself. This anterior swollen 
part is distinguished as the head of the tape-worm, but it is only 
its external form which entitles it to this name. In Caryophyllaus 


*B es the older works and papers of Pallas, Zeder, Bremser, Rudolphi, 
Diesing, and others, compare van Beneden, ‘“ Les vers cestoides ou acotyles.” 
Brussels, 1850. Küchenmeister, “ Ueber Cestoden im Allgemeinen und die 
des Menschen insbesondere,” Dresden, 1853. V. Siebold, “Ueber die 
Band- und Blasen-würmer,” Leipzig, 1854. G. Wagener, “Die Entwicke- 
lung, der Cestoden,” Nov. Act. Leop.-Car., Tom XXIV., Suppl., 1854. 
G. Wagener, “ Beitrag zur Entwickelungsgeschichte der Eingeweidewürmer,” 
Haarlem, 1857. R. Leuckart, “Die Blasenbandwürmer und ihre Entwicke- 
lung,’ Giessen, 1856. R. Leuckart, “Die menschlichen Parasiten,” Bd. L, 
Leipzig, 1862. F. Sommer and L. Landois, “ Ueber den Bau der geschlechts- 
reifen Glieder von Bothriocephalus latus,” Zeitschr. f. wiss. Zool., 1872. 
F. Sommer, “ Ueber den Bau und die Entwickelungsgeschichte der Geschlechts- 
organe von Taenia mediocanellata und Taenia solium,” Zbid., Tom XXIV., 1874. 
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the head armature is very weak, and consists of a lobed fringed 
expansion. The apex of the head often ends in a conical projection, 
the »ostellum, which is armed with a double eirele of hooks, while 
the lateral surfaces of the head are furnished with four suckers 
(Tenia, fig. 263). In other cases only two suckers are present 
(Bothriocephalus) ; or we find suckers of more complicated structure 
and beset with hooks (Acanthobothrium), or four protrusible probosces 
beset with recurved hooks (Tetrarhynchus); while in other genera 
the head armature presents various special forms. 

That portion of the animal which follows the head and is dis- 
tinguished as the neck shows, as 3 rule, the first traces of com- 
meneing segmentation. The rings, which are at first faintly marked 
and very narrow, become more and more distinet and gradually 
larger the further they are removed from the head. At the pos- 
terior extremity the segments or pro- 
glottides are largest, and have the 
power of becoming detached. After 
separation they live independently 
for a long time, and sometimes even 
in the same medium. 

The simplieity of the internal or- 
ganization corresponds with the simple 
appearance of the external structure. 
Beneath the delicate external cutiele 
is a matrix consisting of small cells, 

» . Fıe. 263.—Head of Tenia solium, viewed 
in which are scattered glandular cells. 2,om the front (apical surface), with 
Beneath the matrix there isa delicate rostellum and double circle of hooks. 

. . . The four suckers are visible. 

superficial layer of longitudinal mus- 

cular fibres, and next a parenchyma of connective tissue, in which 
strongly-developed bundles of longitudinal muscular fibres, as well as 
an inner layer of eircular muscles, are embedded ; both these muscular. _ 
layers are traversed, prineipally at the sides of the body, by groups 
of dorso-ventral museular fibres.. The power which the proglottis 
possesses of altering its form is due to the interaction of all these 
museles. By means of them it is able to shorten itself considerably, 
at the same time becoming much broader and thicker, or to elongate to 
double its normal length, becoming much thinner. In the connective 
tissue parenchyma of the body, not only the muscles, but all the other 
organsare embedded. In its peripheral portion, especially in the neigh- 
bourhood of the head, we find small densely packed calcareous eoncre- 
ments, which are generally regarded as caleified connective tissue cells. 
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The nervous system consists of two lateral longitudinal cords passing 
externally to the main trunks of the excretory system. They are 
somewhat swollen in the head, where they are connected by a trans- 
verse commissure; these anterior swellings and the commissure 
may represent a cephalic ganglion. Distinet sense organs are 
wanting, but the tactile sense may be ascribed to the skin, especially 
to that of the head and the suckers. An alimentary canal is also 
wanting. The nutritive fluid, already prepared for absorption, 
passes endosmotically through the body wall into the parenchyma. 

The exeretory apparatus, on the contrary, attains a considerable 
development as a system of much ramified canals which are dis- 
tributed throughout the whole 
bedy.* It consists primarily of 
two longitudinal canals (a dorsal 
and a ventral), running along each 
side of the body and connected in 
the head and in each segment by 
transverse trunks. According to 
the state of contraction of the 
muscular system, these longitudinal 
trunks and cross branches appear 
sometimes. straight and sometimes 
bent in a wavy or zigzag manner: 
their breadth also presents consider- 
able variation, so that the power of 
contraction has been ascribed to 
their walls. The longitudinal trunks 
i only serve as the efferent ducts of a 
Fıg. 261.—A portion of the exeretory system of very fine vessels which 

a VE ramify throughout the whole paren- 

with the nucleus of the cell belonging chyma and receive numerous long 

to them, . B 

i tubes : the latter begin in the 
parenchyma with closed funnels, which contain a vibratile ciliated 
lappet (fig. 264). In many cases, as in the Zigulide and Caryo- 
phylleus, these longitudinal trunks are broken up into numerous 
longitudinal vessels, which are connected by transverse anastomoses, 
In other cases, on the other hand, the two ventral vessels are enlarged 
at the cost of the two dorsal, which may entirely atrophy. The 
external opening of the exeretory system is, as a rule, placed at the 





* Compare Th. Pintner, “ Untersuchungen über den Bau des Bandwurm- 
kürpers,” Wien, 1880, 
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posterior end of the body, £.e., at the hind end of the last segment, 
in which a small vesicle with an external opening receives the longi- 
tudinal trunks. According to the observations of Leuckart on 
Teenia eucumerina, the posterior transverse canals in the segments 
immediately preceding the last become, by their gradual shortening 
and the approach of the longitudinal trunks, transformed into the 
vesicle, which acquires an external opening when the segment behind 
itis detached. Inrare cases the excretory system possesses additional 
openings in the anterior part of the body behind the suckers, 

The generative apparatus is also divided into segments which 
correspond to the proglottides. Each proglottis possesses its own 
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Fıe. 265.—Proglottis of Tenia mediocanellata, with male and female organs (after Sommer). 
Ov,ovary; DS, yolk gland (vitellarium); Sd, shell gland; Ut, uterus;; T\, testes; Vd, vas 
deferens ; Cd, pouch of the cirrus; K, generative cloaca; Ya, vagina. 

male and female generative organs, and can therefore, when separated, 

be considered as a sexual individual of a lower order. The male 

apparatus consists of numerous pear-shaped vesicles, the testes (fig. 

265, 7), which are situated upon the dorsal side, and their vasa 

efferentia open into a common eflerent duct (v«us deferens). The coiled 

end of this duct lies in a muscular pouch (cirrus sheath), whence it 
can be protruded through the genital opening as the so-called eirrus. 

This eirrus is frequently beset with spines which are direeted back- 

wards, and serves as a copulatory organ. 'Ihe female generative 

organs consist of ovary, yolk glamd, shell gland, uterus, receptaculum, 
and vagina. The vagina and vas deferens usually open into a common 
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genital eloaca, which lies either on the ventral surface of the segment 
(Bothriocepalus), or on the lateral margin (Tania) (hg. 265). In 





Fıe. 266.—Ripe proglottides ready to separate. 
a, of Tenia solium ; b, of Tenia mediocanellata ; 


We, water-vascu ar (excretory) canal. 


the last case it is placed alter- 
nately on the right and on the 
left side. Nevertheless it may 
happen that the two genital 
openings are widely separate, 
the male opening being placed 
at the side, the. female on the 
surface of the segment. As 
the segments increase in size 
and become further removed 
from the head, the ceontained 
generative organs gradually 
reach maturity in such a way 
that the male generative 
organs arrive at maturity 
rather earlier than the female. 


As soon as the male elements are mature, copulation takes place, and 
the receptaculum seminis is filled with sperm, and then only do the 


female generative organs reach 
maturity. The ova are fertilized 
and pass into the uterus, which 
then assumes its characteristie 
form and size. As the uterus 
becomes distended, the testes and 
then the ovariesand vitellaria are 
more or less completely absorbed 
(fig. 266). The posterior proglot- 
tides, viz., those which are ready 
for separation, have alone under- 
gone full development, and the 
eggs in their uterus often contain 
completely developed embryos. 
Accordingly we can recognize in 
a continuous series of the seg- 
ments the course of development 
passed through by the sexual 
organs and products in their 





solium; (b) of Microtenia ; (c), of Both 
cephalus latus (after R. Leuckart). 


origin and gradual progress towards maturity. The number of 
segments between that with the first trace of the generative organs 
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and the first proglottis with fully developed organs gives us an 
expression for the number of stages through which each segment 
has to pass. The tape-worms are oviparous; either the embryo 
develops within the egg-shell in the body of the mother, or the 
development takes place outside the proglottis, for example in 
water (Bothriocephalus). 

The eggs of the ('estoda are round or oval in shape and of small 
size. Their envelope is either simple or composed of numerous thin 
membranes, or else forms a thick and strong capsule, which in Tenia 
is formed of densely packed rods united by a connecting substance, 
and presents in consequence a granular appearance. In many cases 
the development of the embryo coincides with that of the egg- 
shell, so that the egg at the moment that it is laid contains a 





Fıs. 263.—Stages in the development of Tenia solium to the Cysticereus stage (partly after R. 
Leuckart). a, Egg with embryo. b, Free embryo. c, Rudiment of the head as a hollow 
papilla on the wallof the vesicle. d, Bladder-worm with retracted head. e, The same 
with protruded head, magnified about four times. 


complete embryo with six, or more rarely, four hooks. In Dothrio- 
cephalus the development takes place outside the proglottis during 
the long period that the egg passes in water, and the embryo 
leaves the egg as a ciliated larva (fig. 267, c). The development 
of the embryo into the tape-worm probably never takes place 
directly in the same medium in the intestine of the original host. 
Asa rule there is a complicated metamorphosis, which is sometimes 
(Echinococcus, Canurus) connected with alternation of genierations ; 
the successive stages live in different localities, and usually find the 
conditions necessary to their development in different species of 
animals, between which they migrate, partly actively and partly 
passively. The eggs usually leave the intestine of the host with 
the proglottis, and are deposited on dunghills, on plants, or in the 
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water, and thence pass in the food into the stomach usually of 
herbivorous or omnivorous animals. As soon as the egg membranes 
are digested or burst by the action of the juices of the stomach of 
the new host, the embryos which have been thus set free bore their 
way into the gastrie or intestinal vessels by means of their six 
(rarely four) hooks, the points of which can be approached and 
removed from one another over the periphery of the small globular 
embryonie body. When they are once within the vascular system, 





Fıs. 269.—a, Brood-capsule of Echinococcus with developing heads (after R. Leuckart). b, 
Brood-capsule of Echinococeus (after G. Wagener). c, Heads of Echinococcus still connected 
with the wall of the brood-capsule—one is evaginated; Ve, excretory canals. 

they are no doubt carried along passively by the current of blood, 

and transported by a longer or shorter route into the capillaries of 

the different organs, as the liver, Jungs, museles, brain, ete. After 
losing their hooks, they usually become enveloped by a cyst of 
connective tissue, and grow into large vesicles with liquid contents 

and a contractile wall (fig. 268). The vesicle gradually becomes a 

cystie or bladder worm by the formation of one (Üysticercus*) or 


* Exceptionally two or more heads are found in some Oysticercus forms, 
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several (Cenurus) hollow buds, which are developed from the walls 
and project into the interior of the vesicle (fig. 268, c). The 
armatbure of the tape-worm head (suckers and double eircle of hooks) 
is formed on the inside and at the bottom of this invagination of 
-the wall of the vesicle (fig. 268, d). When these hollow buds are 
evaginated so as to form external appendages of the vesicle, they 
present the form and armature of the Cestode head, as well as a 
more or less developed neck, which presents even at this stage traces 
of segments (fig. 268, e). In some cases (Zchinococeus) the irregularly 
shaped maternal vesicle produces from its internal walls one or two 
generations* of secondary vesicles which project into it; and the 
Cestode heads originate in special small brood-capsules 
on these secondary vesicles (fig. 269, a). In such 
cases the number of tape-worms which arise from 
one embryo is naturally enormous, and the parent 
vesicle may reach a very considerable size, being some- 
times as large as a man's head. In consequence of 
this enormous growth the vesicles frequently obtain 
an irregular shape; while on the other hand, the tape- 
worms which are developed from them remain very 
' small, and carry, as a rule, only one ripe proglottis 
(fig. 270). 

So long as the tape-worm head (scolex) remains 
attached to the body of the bladder-worm and in the 
host of the latter, it never develops into a sexually 
mature tape-worm ; although in many cases it grows 
to a considerable length (C'ysticercus fasciolaris of the Fı6.270.- Tenia 





house-mouse). The bladder-worm must enter the en 
alimentary canal of another animal before the head ar), masnı 
(scolex) can, after separation from the body of the a ERS 


bladder-worm, develop into the sexually mature tape- 

-  worm. This transportation is effeeted passively, the new host eating 
the flesh or organs of the animal infected with Cysticerei. The tape- 
worms, therefore, are prineipally found in the Carnivora, the Insecti- 
vora,and the Omnivora, which receive the bladder-worms in the flesh 
of the animals on which they feed. The vesieles are digested in the 
stomach, and the cestode head becomes free as a scolex. The latter is 

_ protected from the too intense action of the gastrie juice by its 

 ealeareous concretions, and at once enters the small intestine, fastens 


* In Oysticerei (O. longieollis, tenuieollis) also sterile daughter vesicles are 
sometimes budded off. 
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itself to the intestinal wall, and grows by gradual segmentation into 
atape-worm. From the Scolex the chain of proglottides proceeds asthe 
result of a growth in length accompanied by segmentation, a process 
which is to be looked upon as a form of asexual reproduetion (bud- 
ding in the direction of the long axis). Since, however, it is the body 
of the Seolex which undergoes growth and segmentation, it seems 
most natural to assume the individuality of 
the entire chain, and to subordinate to this 
the individuality of the proglottides.. The 
development of the tape-worm is then to be 
explained as a metamorphosis, characterised 
by the individualization of certain stages of 
the development. It is only in those cases. 
in which the young form produces a number 
of heads that the development can be ex-' 
plained as a case of alternation of genera-: 
Fıs. 271.—Cysticercoid of Dach 
Tenia eucumerina, magni- The development of some tape-worms pre- 
ee (after R. sonts considerable simplifications. In the 
eysticereus stage the vesicle frequently dimin- 
ishes to an excessively small appendage, and the Cysticereus beeomes 
a cysticercoid form, in which one portion bearing the embryonie hooks 
is distinet from a larger part which represents the scolex (figs. 271, 
272). In other cases the embryo becomes a Scolex directly without 
passing through a cystic stage, so 
that the Scolex stage is merely a 
late stage of the embryo (Bothrio- 
cephalus). The segments produced 
from the Scolex also show very 
different degrees of individuality, 
and finally are sometimes not deve- 
loped at all. In the latter case 
(Caryophylieus) the head and body Fıs. 272.—Echinococeus-like Cysticercoid 
cannot be sharply distinguished from from the body cavity of the Earth- 
worm (after E. Metschnikoff), a, 
one another, and represent only one Brood-capsules with three Cysticer- 
single individual comparable to a coids. , Cysticereoid with evaginated 
Trematode and characterised by its ; 
single generative apparatus. Its development is to be looked upon 
as a metamorphosis completing itself in one individual. 





Fam, Teniade, The armature ofthe head consists of four muscular suckers, 
to which is frequently added a single or double ceircle of hooks on the rostellum, 
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The proglottides have a marginal sexual opening. The vagina is usually long, 
separated from the uterus, and enlarged at the end to form a receptaculum 
seminis (fig. 265). The young stages are Oysticerei or Cysticercoids, rarely quite 
without caudal vesicle ; parasitic in warm and cold-blooded animals. 

Teenia L. (Cystotenia R. Lkt). Development takes place with large vesicles. 
The heads arise from the embryonic vesicle itself. 

T. solium. L. 2—3 metres long. The double circle of hooks is composed of 26 
hooks. The ripe proglottides are 8-10 mm. long and 6—7 mm. broad ; the 
uterus has 7—10 dendritic branches. It lives in the human intestine. The 
Bladder-worms belonging to it (Cysticereus cellulos@) live principally in the 
dermal cellular tissue and in the muscles of pigs, but also in the human body 
(muscles, eyes, brain), in which self-infection with them is possible if a 
Tenia is present in the digestive canal; more rarely in the muscles of the 
Ruoe-deer, the Dog, and the Cat. In the human brain the (Oysticercus acquires 
an elongated form, and sometimes does not produce a head. 

T. saginata Goeze=mediocanellata Küchenm., in the intestine of Man, distin- 
guished by the older helminthologists as a variety of 
T. solium. Head without circle of hooks or rostellum, 
but with four more powerful suckers. The Tape- 
worm reaches a length of four metres, and becomes 
much stronger and thicker. The mature proglottides 
are about 13 mm. long and 7—9 mm. broad. The 
uterus forms 20—35 dichotomous side branches. 
The C'ysticercus lives in the muscles of the ox (fig. 
273). It appears to be prineipally distributed in 
the warmer parts of the Old World, but is often 
found in great numbers in many places in the north. 

T. serrata Goeze, in the intestinal canal of the dog. 
The Cysticercus is known as Cysticereus piseiformis 
in the liver of the Hare and Rabbit. Z! erassicollis 
Rud. in the Cat, with Cysticereus faseiolaris of the 
common mouse, T. ınarginata Batsch. of the Dog 
(butcher’s dog) and Wolf with Oysticereus tenwicol- F1s- 273.—Cysticereus of Tenia 
lis from Ruminants and Pigs, and occasionally in Den agniied 
Man (Cyst. visceralis). T. erassiceps Rud. in the us m. u. 

protruded. 

Fox with Cysticereus longicollis from the thoracic 

cavity of the Fieldmouse. 7. cenurus v. Sieb. in the intestine of the sheep-dog, 
with Cenurus cerebralis in the brain of one year old sheep. The presence of 
Cenurus in other places has been stated, as for instance in the body cavity of 
the Rabbit. 7. tenuicollis Bud. in the intestine of the Weasel and the Pole-cat, 
with a Oysticereus which, according to Küchenmeister, lives in the hepatic 
ducts of the Field-mouse. 

Echinococeifer Weinl, The heads bud on special brood-capsules, in such a 
way that their invagination is turned towards the lumen of the vesicle (fig, 
269). ZT. echinococeus v. Sieb. (fig. 270) in the intestine of the dog, 3—4 mm. 
long, forming but few proglottides. The hooks on the head are numerous but 
small. Its Bladder-worm is distinguished by the great thickness of the stratified 
cuticula. It lives as Zehinococcus principally in the liver and the lungs of Man 
(E. hominis) and of domestice animals (#, veterinorum). The first form is also 
distinguished as Z. altrieiparıens on account of the frequent production of 
primary and secondary vesicles ; it usually reaches a very considerable size and; 
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has a very irregular shape; while that form which inhabits domestie animals, 
E. seolicipariens, more frequently retains the form of the simple vesicle, 
Finally these echinococcus cysts frequently remain sterile, in which case they 
are called Acephaloeysts. Another and indeed pathological forım is ihe s0- 
called multilocular Zehinococeus, which was for a long time taken for a colloid 
cancer. It is also found in Mammalia (in 
cattle), and here presents a confusing re- 
semblance to a mass of tubercles, The 
echinococeus disease (hydatid plague) was 
widely spread in Iceland. This disease 
likewise seems endemie in many places in 
Australia. 

T.(Mierotenia). The Oysticercoid form 
issmall, and has but little fluid in the small 
portion which corresponds to the vesicle, 
The head is small, but has a small club- ’ 
shaped or proboscis-like rostellum, and is > 
furnished with weak hooks. The eggs are % 
provided with several membranes. The 5 
‘embryo is usually furnished with large H 
hooks. The Cysticercoid stages live prin- P 
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cipally in Invertebrates (in Slugs, Insects, r 
etc), and more rarely in cold-blooded 
Vertebrates (the Tench). 7. ceucumerina t 
Bloch, in the intestine of dogs (house 
dogs). The Cysticercoid is entirely without t 
the caudal vesicle, and lives (according to h 
Melnikoff and R. Leuckart) in the body 
cavity of the Dog-louse (Trichodeetes canis). 
The infection with the Cysticercoids takes 
place when the dog swallows the parasites 
which are annoying him, while the para- 
sites swallow the eggs contained in fsces 
adherent to the hair of the dog. Nearly 
allied is 7. elliptica Batsch, in the intestine 
of the Cat, occasionally in that of Man. 
T. nana Bilh. v. Sieb, in the intestine of 
the Abyssinians, hardly an inch long. Z. 
flavopunctata Weinl. in the human intestine 
(North America). The Üysticercoids of the 
Meal-worm are probably developed into 
tape-worms in the intestines of Mice and 
Rats. 

‘ In other partially unarmed 7e@iias the \ 
generative organs and development are as 
yet not accurately known; such are—Z7. 
perfoliata Goeze, and 7. plicata Rud.in the horse ; 7! pectinata Goeze, in the 
hare ; 7. dispar Rud. in the frog; 7. expansa Im. in the ox. 

Fam. Bothriocephalide. With only two suckers, which are weak and flat. 
The generative organs, as a rule, open upon the surface of the proglottis. The 
proglottides do not become detached singly. Hydatid stage represented by 
an encysted Scolex, 
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Fıs. 274 a—Bothriocephalus latus (after 
R. Leuckart). 
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Bothriocephalus Brems. Segmented body. Head with two pits, without 
hooks. The genital openings are on the middle of the ventral surface. The 
young stage usually in fishes. 2. latus Brems., the largest of the tape-worms 
parasitic in man, twenty-four to thirty feet in length, principally found in 
Russia, Poland, Switzerland, and South France. The sexually mature segments 
are broader than they are long (about 10—12 mm. broad and 3—_5 mm. long). 
They do not become detached singly, but in groups (fig. 274). The segments 
of the hindermost portion of the body are, how- 
ever, narrower and longer. The head is club- 
shaped, and is provided with two slit-like pits. 
The cortical parts of the lateral regions of the 
body contain a number of round masses of 
granules, the yolk-glands (fig. 275, Dst), the 
contents of which are poured into the shell 
glands (coiled glands) through the so-called 
yellow ducts. 

The genital openings lie close together, one 





Fıg. 274 b.—Larva of a Bothrio- 
cephalus from the Smelt (after 


behind the other, in the midst of the segment R. Leuckart). 

(fig. 275, a). The anterior and larger belongs to 

the male generative apparatus, and leads into the muscular terminal portion 
of the vas deferens, which is enclosed in the cirrus sheath and can be eva- 
ginated as the cirrus (fig. 275, Cb). The vas deferens just before its entrance 
into the cirrus pouch is dilated (fig. 275 b) to form a large muscular swelling 
(the vesicula seminalis?). It then becomes coiled, and passes in the direction 
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Fıg. 275.—Genmerative organs of a sexually mature proglottis of Bothriocephalus lutus (after 
Sommer and ®. Leuckarl); a, from the ventral surface, 5, from the dorsal surface. Ov 
and v, ovary; Ut, uterus; 8d, shell gland;, Dst, vitellarium (yolk gland); Ya, vagina with 
opening; T, testis; Ob, pouch of the cirrus; Yd, vas deferens, 


of the long axis of the segment on the dorsal surface and divides into two 

side branches. These receive the efferent canals of the delicate testicular 

sacs, which occupy the lateral parts of the middle layer (7). The female 

genital opening (fig. 275 a) leads into a vagina (Va) situated behind the pouch 

of the cirrus, and frequently filled with semen, This vagina runs as a tolerably 
22 
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straight median canal on the ventral surface, and opens by a short, narrow tube 
intothe oviduct. The vagina also functions as a receptaculum seminis. There 
is yet a third opening (fig. 275, a), situated at some distance behind the other 
two ; this is the opening of the tubular uterus (U?), the convolutions of which 
give rise to a peculiar rosette-shaped figure in the midst of the segment 
(Wappenlilie Pallas). Close to the hind end of the segment the ducts of the 
yolk-glands (Dst) and of the ovaries (Or) unite with each other and open into 
the uterus ; the cells of the shell-gland (SZ) surround and open into the point 
of junction of these structures. Behind the uterus, and partly among its 
posterior lateral horis, lie the so-called coiled glands; and at its sides are 
the so-called lateral glands (Eschricht). The latter are, according to Eschricht, 
the ovaries or germaria (formerly held by Leuckart to be the vitellaria). 
The coiled glands (Leuckart’s ovaries), an aggregation of pear-shaped cells, 
were considered by Stieda, with whom Landois and Sommer are in accord, to 
be a shell gland (fig. 275). 

The ova are for the most part developed in water, and escape from the upper 
pole of the egg-shell through a lid-like valve. The escaped embryo is covered 
with eilia, by means of which it swims about for a long time. Hence it is 
probable that the later stages of development take place in an aquatie animal, 
Itis unknown how and in what host the embryo with six hooks becomes a 
Scolex; and the question how this tape-worm gets into the human body—in 
spite of the researches of Knoch, who maintained that they appeared there 
directly and without the intervention of an intermediate host—is still un- 
decided. 2. cordatus Lkt. With large, heart-sbaped head, without a filifuorm 
neck ; with numerous deposits of calcareous bodies in the parenchyma. It 
attains a length of about three feet and lives in the intestines of man and of ihe 
dog in Greenland. 

Schistocephalus Crepl. Head split, with a sucker on each side. The body 
of the cestoid form is segmented. S. solidus Crepl. Lives in the body cavity 
of the stickleback, escapes into the water, and becomes sexually adult in the 
intestine of water-birds 7rienophorus Rud. Head not distinct, with two 
weak suckers and with two pairs of tridentate hooks. The body has no external 
segmentation. The generative openings are marginal. Z! nodulosus Rud. In 
the intestine of the pike. Asexual encysted form in the liver of Cyprinus. 

Fam. Ligulid® (Pseudophylliide). Without realsuckers. Hooks are either 
present or absent. The Oestoid has no segmentation, but the generative organs 
‚are repeated. hey live in the body cavity of Teleosteans and in the intestine 
‚of birds. Zigula Bloch. Body band-shaped and unsegmented. Z. simpli- 
eissima Rud., in the body cavity of fishes and in the intestine of aquatic birds. 
L. tuba v. Sieb., in the intestine of the Tench. 

The families of the Tetrarhynchide® (7etrarhynchus lingualis, Cuv., passes 
its young stages in Soles, and is matured in the intestine of Rays and Dog-fish), 
and Tetraphyllide ( Kehineibothrium minimum van Ben.) are allied here. 

Fam. Caryophylleide. Body elongated and unsegmented. The anterior 
margin is plicated. "There are no hooks, and there are eight sinuous longitu- 
dinal canals of the excretory system. Generative organs single. The develop- 
ment is a simplified metamorphosis. Caryophylieus mutabilis Rud., in the 
intestine of Cyprinoids. The young form possibly lives in Zubifex rivulorum, 
ifthe Helminth observed by d’Udekem was the same. In this worm, however, 
there lives another parasite, which was observed by Ratzel and has recently 
been more closely investirated by R. Leuckart, who has shown that it is 
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a sexually mature Cestoid still fixed by an appendage bearing the embryonic 


hooks. Archigetes Sieboldüü Lkt 
appendage, 


- With two weak suckers and a caudal 


Order 4.—NEMERTINIt— RHYNcHoc@LA. 


Blongated, Frequently band-shaped Platyhelminthes, with straight 


alimentary canal opening by an anus, and with 
@ separate protrusible proboscis. Usually with 
two eiliated pits in the cephalic region. The 
Sexes are separate. 

The Nemertines are distinguished not only 
by their elongated form, but also by their con- 
siderable size and high organization. Thick 
layers of muscles, traversed by connective tissue, 
are spread beneath the integument, which con- 
tains pigment as well as flask-shaped mucous 
glands. The external layer of longitudinal 
muscles, strongly developed in the Anopla, is 
wanting in the Znopla (Nemertines, the probos- 
eis of which is armed with stylets), in which 
group there is only an outer layer of eircular 
muscles and an inner ‚layer of longitudinal 
muscles. A long tubular protrusible proboscis, 
which is sometimes armed with stylet-shaped 
rods, is always found at the anterior end of the 
body above the buccal cavity, and projects 
through a special preoral opening (fig. 276), and 
can be retracted into a special muscular sheath 
separate from the body cavity. At the bottom 
of the prineipal portion of the proboseis, there 
is in many Nemertines (Enopla) a large spine, 
which is directed forwards, and at its sides 
numerous small secondary spines in pouches, 
The posterior glandular portion of the proboseis, 
to which retraetor muscles are attached, is, 
according to Claparede, to be vegarded as a 
poison apparatus. When the proboseis is pro- 


* A. de Quatrefages, “ M&moire sur la famille des 
Nemertines,” Ann. des Se. Nat., Ser. 3, Tom, VI., 1846, 
MelIntosh, “On the Structure of the British Nemerte- 
ans,” Transact, Edinb. Royal Soec., Tom XXV.,1&2, 


Barrois, “ M&moire sur l’Embryologie des Nemertes,” Paris, 1877. 
“ Untersuchungen über Nemertinen, etc.” Aiederl. “Lrehiv., Tom, II. 





Fı@. 276. — Tetrastemma 
obscurum (after M. 
Schultz. Young 
specimen about3 lines 
in length; O, mouth; 
D, intestine; A, anus; 
239, blood vessels; 2, 
proboscis armed with 
stylet; Ex, lateral 
trunks of the excre- 
tory system; P, ex- 
eretory pore; 6, 
ciliated pit ; Ne, nerve 
centre; Ss, lateral 
nerve trunks; Okc, 
eyes. 


Hubrecht, 
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truded, it is inverted like the finger of a glove, so that the blind 
end.at which the spines are placed becomes the extreme front end 
of the protruded proboseis. 

The brain attains a considerable development. Its two halves are 
connected by a double commissure which embraces the proboseis, and 
in them several lobes, usually a dorsal and ventral, may be distin- 
guished. The two ventral lobes are produced into the two lateral 
nerve trunks, which in certain cases (Oerstedtia) may approach 
each other on the ventral surface. The nerve trunks contain not only 
fibres but also a superficial layer of ganglion cells, which may give 
rise to ganglion-like enlargements at the points of exit of the nerve 
branches. In the embryos of Prosorochmus Claparedii the nerve 
trunks are said to end in an enlargement. In the cephalie region 
there are two strongly ciliated depressions known as the cephalie 
slits, beneath which special lateral organs, supplied with nerves from 
the brain or it may be posterior lobes of the brain itself, are placed. 
These structures are probably sense organs. The cephalie slits were 
formerly erroneously taken for the openings of respiratory organs. 
Eyes are widely distributed, and usually consist of simple pigment 
spots which rarely contain refractive bodies. Exceptionally, as 
in Oerstedtia pallida, two otolithic vesicles are found on the 
brain. 

The Nemertines, unlike all other Platyhelminthes, possess a blood- 
vascular system. This consists of two sinuous lateral vessels in 
which the blood flows from before backwards, and a straight dorsal 
vessel in which the blood flows in the reverse direction. This latter 
is connected with the ventral vessel at the posterior end of the body 
and in the region of the brain by wide loops, and in the rest of its 
course by numerous narrower transverse anastomoses. These vessels 
lie in the body cavity and have contractile walls. The blood is 
usually colourless, but in some species it is red. In Amphiporus 
splendens, Borlasia splendida, the red colour (hemoglobin) is con- 
tained in the oval disc-shaped blood corpuscles. 

The Nemertines are, with some few exceptions (Borlasia herma- 
phroditica), dieecious. The two kinds of generative organs have the 
same structure, and are sacs filled with ova or spermatozoa lying in 
the lateral portions of the body between the pouches of the intestine, 
and opening to the exterior by paired openings in the body wall. 
The ova, when laid, frequently remain connected by a gelatinous 
substance, and are deposited in irregular masses or in strings, from 
the middle of which the animal ereeps out, like the leech out of its 
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cocoon. Some forms, as Prosorochmus Olaparedü and Tetrastemma 
‚obscurum, are viviparous. 

Some of the Anopla develop with a metamorphosis. The larva is 
ciliated and 
may pass 
through a 
free-swimming 
stage, in which 
case itisknown 
as the Pili- 
dium, or it 
may be without 
such a stage 
(Type of Desor). 
In both cases 
the perfect 
worm is deve- 





loped within Fıe. 277.—Pilidium (after E. Metschnikoft). a, free swimming larya 
the skin of the with inyaginated cavity ; b, later stage, helmet-shaped; E, E’ the 

a two pairs of ectodermal invaginations; D, alimentary canal. 
ciliated larva. 


The Pilidium larva is helmet-shaped, and was formerly described as 
the species of a supposed independent genus, Pilidium, and presents 

\ many analogies to the 
Echinoderm larva. In the 
case of the Pilidium, the 
segmentation is regular, 
and results in the formation 
of a spherical ciliated em- 
bryo, which is hatched and 
becomes a free-swimming 
larva; the archenteron is 
then formed by invagina- 
tion ; and at the side of the 
embryo, opposite the blasto- 
pore, a long flagellum is 
developed (fig. 277, a). On 


Fıa. 278.—Later stage of Pilidium, with tuft ofeiia each side of the mouth a 


and enclosed Nemertine (after Bütschli); Os, ’ the 
@sophagus; D, alimentary canal ; Am, amnion; broad lobe BrOME Su, 
R, rudimentary proboscis of the Nemertine; 80, edges of which are fringed 


lateral pit. with eilia (fig. DIN b). 
Two pairs of invaginations of the ectoderm now make their appear- 
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ance, forming the first rudiment of the Nemertine body. The four 
dises so formed fuse together and give rise to a ventral germinal 
plate, which gradually grows round the alimentary canal of the 
Pilidium to form the skin of the future Nemertine. The proboseis 
arises as an invagination of the anterior end of the germinal plate 
(fig. 278). The young Nemertine subsequently breaks through 
the larval skin. 

The Nemertines live prineipally in the sea, under stones in the 
mud, but the smaller species swim about freely. There are also 
.forms which live on the land, as well as pelagie forms. Certain 
species form tubes and passages, which are lined with a slimy seere- 
tion. The food of the larger species principally consists of tubicolous 
worms, which they extract from their habitations by means of the 
proboseis. There are, however, parasitic Nemertines which infest 
Orustacea or live on the mantle and gills of Mollusca. In this case 
they are, like the Zirudinea, furnished with a posterior sucker 
(Malacobdella). 'The Nemertines are distinguished by their repro- 
ductive capacity and by their tenacity of life. Mutilated parts are 
quickly regenerated, and the parts into which certain species readily 
break are said to have the capacity, under favourable conditions, of 
developing into new animals. 

1. Sub-order : Enopla.—The proboseis is armed with stylets. 
The short, often funnel-shaped cephalie slits are connected with 
lateral organs, which correspond to the posterior cerebral lobes of 
the Anopla. In the brain the upper lobes are slightly elongated 
posteriorly leaving the ventral lobes, from which the lateral nerves 
arise, quite free. Development takes place without metamorphosis. 


Fam. Amphiporide,. The ganglia are more rounded, the lateral nerve 
trunks are placed inside the dermal muscles. The mouth is on the ventral 
surface near the anterior end of the body, in front of the commissures between 
the ganglia. The lateral organs are separated from the brain and connected 
with it by fibres ; they contain a narrow water canal. Amphiporus lactiflereus 
Johnst. Lives under stones, and is distributed from the North Seas to the 
Mediterranean, 3—4 in. long. A. spectabilis Quatr. Borlasia splendida Kef., 
Mediterranean, and Adriatic. Tetrastemma obseurum M. Sch. Viviparous : 
Baltie. 7.agricola Will. Suhm,, terrestrial. Nemertes gracilis Johnst. 


2. Sub-order : Anopla.— The proboseis is unarmed. The long 
cephalie slits occupy the whole side, or the anterior part of the head, 
and lead into the lateral organs, which are direet processes of the 
upper lobes of the brain. Development frequently by means of 
ciliated larv. 
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Fam. Lineide. Ganglion elongated. The head has deep slits on either side. 
Zineus marinus Mont., L. lengissimus Sim. (sea long-worm, Borlasia anglica 
Oerst., Nemertes Borlasii Cuv.), grows to a length of 15 feet and more. 
Iinglish coast. Cerebratulus marginatus= Meckelia somatotomus F.S. Lkt., 
Adriatic and Mediterranean. Mierura fasciolata Ehrbg., North Seas to the 
Adriatic. 

Fam. Cephalotrichide. Cephalic slits and lateralorgans are wanting. Head 
not distinct, very long and pointed. Cephalothrie bioculata Oerst. Sund. 
Malacobdella grossa O. Fr. Müll. Body broad and flat, with posterior sucker. 

Is parasitic in the mantle cavity of various Mollusca, as Mya, Cyprina, etc, 


CLASS IL—NEMATHELMINTHES. 


Round worms with tubular or filiform bodies. The cuticle is fre- 
quently ringed. The anterior pole is either armed with hooks or 
provided with papille. The sexes are separate. 

The unsegmented body is rounded, more or less elongated, tubular 
or filiform, and both ends are, as a rule, tapered off. Appendages 
are always wanting, as are, with few exceptions, movable bristles. 
On the other hand, special organs for attack and attachment, such 
as teeth and hooks, are not unfrequently present on the anterior 
end of the body; and in some cases small suckers, which serve for 
attachment during copulation, may be developed on the ventral 
surface. As a rule, the integument possesses a cuticular layer of 
relatively considerable thickness, and a well developed muscular 
layer, which permits not only of the body being knotted, curved, and 
bent, but, in the thin filiform Nematoda, of undulatory movements. 
The body cavity is enclosed by the muscular body wall, and con- 
tains the blood fluid and the digestive and generative organs. 
Blood wessels and respiratory organs are wanting. A nervous 
system is, however, always present. Of sense organs simple eyes 
are not unfrequently present in the free living forms. The sense 
of touch is probably distributed all over the surface of the 
body, partieularly on the anterior end, especially when papillae 
and lip-like prominences or bristles are found on it. While in the 
Acanthocephala mouth and alimentary canal are completely absent, 
the Nematoda possess a mouth placed at the anterior pole of the 
body, an @sophagus, and an elongated straight digestive canal, which 
usually opens by the anus on the ventral surface near the pos- 
terior end of the body. The excretory organs have various forms, 
and always differ considerably from those of the Platodes. In the 
Nematoda they consist of paired canals, which open by a common 
pore and lie in the so-called lateral lines. Im the Acamthoce- 
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phala they are branching subeutaneous canals. With a few excep- 
tions the Nemathelminthes have separated sexes, and develop 
directly without metamorphosis. The larv» and sexual animals are 
not unfrequently distributed in two different hosts. 

The majority of the Nemathelminthes 
are parasites either during the whole period 
of their life or at different stages. There 
are, however, also free living forms which 
often show the closest relationship to the 
parasitic members of the group. 


ao 


Order 1.—NEMATODA (THREAD-WoRNs).* 


Nemathelminthes, with mouth and ali- 
mentary canal. They are principally 
parasites. 

The Nematodes possess an extremely 
elongated thread-like body, which may be 
provided with papille at the anterior pole 
in the region of the mouth, or with hooks 
and spines within the oral cavity. The 
mouth leads into a narrow «sophagus, 
which usually has thick muscular walls, a 
chitinous lining, and a triangular lumen, 
and is frequently dilated behind to a 
muscular bulb (pharynx). In certain 
genera (Rhabditis, Oxyuris), the chitinous 
lining of the pharynx is raised into ridges 
or tooth-like prominences, to which the 


* Besides the older writings of Rudolphi, 
Bremser, Cloquet, Dujardin, compare Diesing, 
“ Systema helminthum,”” 2 Bde Wien, 1850-51. 
Diesing, “Revision der Nematoden,” Wiener 
Sitzungsberichte, 1860, Claparede, “De la for- 
mation et de la fecondation des aufs chez les 
j vers Nematodes,’” Geneve, 1856, A. Schneider, 
Fıa. 270.—Ozyuris vermicularis «Monographie der Nematoden,” Berlin, 1866. 

(after R. Leuckart), a, female; NR, Leuckart, “ Untersuchungen über Trichina 

O,mouth; A,anus; Y,genital spiralis,” Leipzig and Heidelberg, 1866, 2nd 

opening; 2, male with curved edition; also “ Die menschlichen Parasiten,” ete., 

ee ER °, the latter Tom, IT, Leipzigand Heidelberg, 1876. C. Claus, 

& SER, 1 2 u 4, «Ueber Leptodera appendiculata,” Marburg, 

euBimapEn20260 embryo. 1868. O. Bütschli, “ olarinhungen über die 

beiden Nematoden der Periplaneta orientalis,’” 
Zeitzschr. für Wiss. Zool.,, Tom. XXI, 1871. And “Beiträge zur Kenntniss 
des Nervensystems der Nematoden,” Archiv, für Mikr Anatomie, Tom X. 
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radial muscles converge in the form of conical bundles. Accord- 
ing to its function, the esophagus is essentially a suctorial tube, 
which pumps in fluids, and by peristaltic action passes them on to 
the intestine. The intestine follows the pharynx, and opens by the 
anus not far from the hind end of the body on the ventral surface 
(fig. 279). Its walls are formed of cells and are non-muscular, 
except behind, where they have a special investment of muscular 
fibres which render the terminal portion contractile.. Muscular 
fibres passing from the body wall to the wall of the rectum are also 
frequently present. In certain Nematodes the anus may be want- 
ing (Mermis) ; and in @ordius even the alimentary 
canal undergoes degeneration. 

Beneath the stiff eutiele, which is often trans- 
versely ringed, and is composed of several layers, 
lies a soft granular nucleated sub-cuticular layer 
(hypodermis), which is to be regarded as the matrix 
of the former. Beneath this lies the highly deve- 
loped muscular layer, in which band-shaped or fusi- 
form longitudinal muscles predominate. The surface 
of the body may present markings, as for instance 
polyhedrie spaces and longitudinal ribs, also pro- 
cesses in the form of tuberceles, spines,* and hairs. 
Ecdyses, i.e., shedding the cuticular layer, seem 
only to oceur in the young forms. The muscles 
are each composed of a single cell, in which two 
parts are distinguishable,—a clear, sometimes a 
granular protoplasmie portion (medullary sub- 
stance), which projects into the body cavity and 
is often prolonged into processes; and an external 
fibrillated layer (fig. 280). The Nematodes may " ee 
be distinguished as Meromyaria or Polymyaria, 
according to the arrangement of their muscular system. In the 
Meromyaria the number of muscle cells (which are arranged 
according to definite laws) in the cross section is small (eight), 
while in the Polymyaria their number is considerable. In the latter 
the muscle cells are often connected together by transverse processes 
of the medullary substance, which unite on the so-called median 


lines to form a longitudinal cord. 




















* There may also be prominences of various kinds, and even in some cases a 
complete covering of spines (Oheiracanthus Dies = Gnathostoma Ow., Ch. 


hispidum Fedsch.) 
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In almost every case, with the exception of Gordius, two lateral 
regions remain free from muscle and form the so-called Iuteral lines 
or regions, which may equal in breadth the neighbouring muscular 
regions. These lateral regions are formed of a finely granular 
nucleated substance, and enclose a clear vessel containing granules. 
This vessel is connected with that of the opposite side in the anterior 
part of the body, and the two open by a common transverse slit, the 
vascular pore, on the ventral surface in the median line The 
lateral lines have the value, both as regards position and structure, 
of excretory orgams. Median lines (dorsal and ventral), aecessory 
median lines (sub-median lines), the latter being placed between 
the principal median line and the lateral line, are also to be dis- 
tinguished. The so-called ventral cord of Gordius, which may be 
compared to the median line and has perhaps the significance of an 
elastie rod, is very large. Cutaneous glands, in the form of unicel- 
lular glands, have been observed principally in the region of tlıe 
«@sophagus and in the tail. 

The nervous system, owing to the difliculty which its investigation 
offers, has only been satisfactorily recognised in a few forms. It con- 
sists of a nerve ring surrounding the «sophagus, and sending of 
posteriorly two and anteriorly six nerve trunks (Ascaris megalo- 
cephala). The posterior trunks run in the dorsal and ventral lines 
(N. dorsalis, ventralis), to the extremity of the tail; while of the 
six anterior nerves, two run in the lateral lines (N. laterales), four 
in the interspaces between the lateral and median lines (N. sub- 
mediani), and supply the papille around the mouth. The ganglion 
cells lie partly near, in front of and behind the nerve ring, partly 
on the fibrous cords themselves, and are arranged in groups which 
can be distinguished as ventral, dorsal, and lateral ganglia. There 
are in addition groups of ganglion cells in the median lines and in 
the lateral lines in the caudal region. 

As sense organs we must mention the eyes found in the free- 
living Nematoda, and the papille and tactile hairs found prineipally 
in the neighbourhood of the mouth. Each papilla is supplied by 
one nerve fibre, which is swollen to a knob and forms the axis of 
the papilla. 


[The Nematoda possess a body cavity, but are without any trace of a vas- 
cular system. ] 


Generative organs.. The Nematodes are diecious (with ex- 
ception of the hermaphodrite Pelodytes, and of the Rhabdonema 
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(Ascaris) nigrovenosum, which produces first spermatozoa and later 
ova). The males are characterised by their smaller size, and by the 
posterior end of the body being generally curved. Both kinds of 
generative organs consist of single or paired and often much coiled 
tubes, at the upper end of which the generative products are de- 
veloped, the lower ends representing the efferent ducts and recep- 
tacula of the generative products. The usually paired ovarian tubes, 
at the upper ends of which the ova arise, terminate in a short 
vagina, which opens on the ventral surface, rarely near the posterior 
end of the body. The male generative apparatus, which contains 
hat-shaped spermatozoa, is almost invariably represented by an 
unpaired tube, and usually opens on the ventral surface near the 
posterior end of the body in a common opening with the intestine, 
Asa rule, the common cloacal portion contains two pointed chitinous 
rods, the so-called spicula, in a pouch-like invagination. These 
spicula can be protruded and retracted by a special muscular ap- 
paratus, and serve to fasten the male body to the female during 
copulation. In many cases (Strongylid®) an umbrella-like bursa is 
added, or the terminal portion of the celoaca can be protruded like 
a penis (Trichina) ; in this case the cloacal aperture lies almost at 
the extreme end but is still ventral (Acrophali). In the male 
papille are almost always present in the region of the posterior end 
of the body, and their number and arrangement afford important 
specific characters. 

Development. The Nematoda for the most part lays eggs; it is 
only in rare cases that they bear living young. The eggs usually 
possess a hard shell and may be laid at different stages of the 
embryonie development or before it has begun. In the viviparous 
Nematodes the eggs lose their delicate membranes in the uterus of 
the mother (Trichina, Filaria). Fertilization takes place by the 
entry of a spermatozoon into the ovum, which is still without a mem- 
brane. The segmentation is equal, and leads to the formation of 
a kind of invaginate gastrula. From the two cell layers are de- 
veloped the body wall and the alimentary canal. The embryo 
gradually assumes an elongated cylindrical form, and comes to lie 
rolled up in several coils within the shell. The exeretory pore and 
the rudiments of generative organs, as well as a nerve ring, are 
present in the embryo, which is also provided with mouth and 
anus. The free development is a metamorphosis, usually com- 
plieated by the eircumstance that it is not undergone in the habitat 
of the mother. The young stages or larve, probably of most Nema- 
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todes, have a different habitat to that of the sexual animal; the 
young and the adult Nematode being contained in different organs 
of the same or even of different animals. The larve live for 
the most part in parenchymatous organs, either free or enceysted 
in a connective tissue capsule; the adults, on the contrary, live 
prineipally in the alimentary canal. 

The embryo is almost invariably characterised by the special form 
of the oral and caudal extremities, but sometimes also by the posses- 
sion of a boring tooth, or of a circle of spines (Gordius). Sooner 
or later the skin is shed, and the animal enters its second stage, 
which may often still be considered as a larval stage; repeated 
ecdyses precede the sexually adult stage. 

The post-embryonie development of the Nematodes presents 
numerous modifications. In the simplest cases the embryo, while 
still enveloped in the egg mem- 
branes, is transported passively 
in the food (Oxyuris vermieularis 
and Trichocephalus). In many 
Ascaride—to judge by the species 
parasitice in the Cat—the em- 
bryos, which are provided with 
a boring tooth, first make their 
way into an intermediate host, 
by which they are transported 
Fıe. 281.—Sclerostomum tetracanthum, en- into the intestine of the second 

a host with the food or water. 

More frequently the young forms encyst within the intermediate 
host, and, enclosed in the eyst, are transferred into the stomach and 
intestine of the permanent host (fig. 281). For example, the embryos 
of Spiroptera obtusa of the Mouse, while still in the egg membranes, 
are taken with the food by the Meal-worm, in the body cavity of 
which they eneyst. In the viviparous Trichina spiralis there is a 
modification of this mode of development inasmuch as the migration 
of the embryos and their development to the encysted form found 
in the muscles (muscle-trichina) take place in the same animal 
which contains the sexually mature intestinal Trichinas. 

The development of the Nematode larv» often makes a considerable 
advance within the intermediate host into which they have migrated. 
Thus, for instance, in O'weullanus elegans, the embryos migrate into 
the C'yclops, and in the body cavity of these small Orustacea undergo 
two ecdyses and essential alterations of form, obtaining at this early 
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stage the characteristic oral capsule of the sexually adult stage, to 
which they only develop in the intestine of the Perch. According 
to Fedschenko,* a similar mode of development occurs in Filaria 
medinensis. The embryos pass:into puddles of water, and migrate 
thence into the body cavity of the O'yelopide ; and after casting their 
skin assume a form which, except for the absence of the oral capsule, 
resembles that of the larva of Cueullanus. After the expiration of 
two weeks there is another ecdysis, with which is connected the loss 
of the long tail. The later history is unknown. It has not yet 


m = 


: 


Fıs. 282.—a, Rhabdonema (Ascaris) nigrovenosum of about 3°5 mm. in lengtlı in the stage of 
maturity of the male products; @, genital glands; 0, mouth; D, intestine; A, anus; N, 
nerve-ring; Drz, glandsılar cells; Z, isolated spermatozoa. D, Male and female Rhabditis 
forms from about 1'5 mm. to 2 mm, long; Ov,ovary; T,testis ; V, female genital opening ; 
Sp, spicula. 

been discovered whether the migration of the Filarian larva into 

the permanent host (Man, see p. 356) takes place with the body of 

the Cyelops, or independently after copulating in the free state, 
The embryos of some Nematoda develop in damp muddy earth, after 
casting their skin, to small so-called Rhabditis forms with a double 
* Compare Fedschenko, “ Ueber den Bau und Entwicklung der Filaria 


medinensis,” in the Berichten der Freunde der Naturwissenschaften in Moskau, 
Tom VIII and X. 
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eniargement of the «sophagus and with a pharynx armed with three 
teeth. They lead an independent life in this habitat, and finally 
migrate to lead a parasitic life within the permanent host, where, 
after several ecdyses and alterations of form, they attain the sexually 
mature condition. This mode of development oceurs in Dochmius 
trigonocephalus from the intestine of the dog, and very probably in 
the nearly allied D. (Aneylostomum) duodenalis of man, and also in 
Selerostomum. 

The offspring of parasitic Nematodes may, however, attain sexual 
tmaturity in damp earth, as free Ahabditis forms, and represent a 
special generation of forms whose ofispring again migrate and beeome 
parasites. Such a life history is a case of heterogamy. It occurs 
in Rhabdonema nigrovenosum, a parasite in the Jungs of Batrachians. 
These parasites, which are about half to three-quarters of an inch 
long, all have the structure of females, but contain spermatozoa, 
which are produced (as in the viviparous Pelodytes) in the ovarian 
tubes, but earlier than the ova. They are viviparous. The embryos 
make their way into the intestine of their host, and aceumulate in 
tbe rectum, but finally pass to the exterior in the faces, and so 
reach the damp earth or'muddy water, where they develop in a short 
time into the Zhabditis-like forms, which have separate sexes and 
are barely 1 mm. in length (fig. 282, « and 5). The impregnated 
females of the latter produce only from two to four embryos, which 
become free inside the body of the mother, pass into her body cavity, 
and there feed on her organs, which disintegrate to form a granular 
detritus. They finally migrate as slender, already tolerably large 
Nematodes into the lungs of the Batrachia, passing through the 
Yuccal cavity and glottis. The Zeptodera appendiculata, which lives 
in the slug Arion empiricorum, also presents in its development a 
like alternation of heteromorphie generations, which, however, are 
not strietly alternating, inasmuch as numerous generations of the 
Rhabditis form may succeed one another. 

‘The Zeptodera are peculiar in that the form parasitie in the 
snail is a larva characterised by the absence of a mouth, and by 
the possession of two long band-shaped caudal appendages; it 
quickly attains maturity, but only after a migration into damp earth 
and after losing the caudal appendages and casting the skin, 

"The Nematoda feed on organic juices, some of them also on blood, 
and are enabled by their armed mouth to infliet wounds and to gnaw 
tissues. They move by bending their body with a rapid undulatory 
movement towards the ventral and dorsal surfaces, which thus seeın 
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to be the lateral surfaces of the moving animal. Most Nematoda 
are parasitic, but lead an independent life in certain stages of their 
life history. Numerous small Nematoda, however, are never parasitic, 
but live freely in fresh and salt water and in the earth. Some 
Nematodes are parasitic in plants, for example, Anguillula tritiei, 
dipsaei, ete.; some live in decaying vegetable matter, e.g., the 
vinegar worm in fermenting vinegar and paste. Nevertheless very 
similar forms occur in the contents of the intestine and in the faces 
of different animals and of man (A. öntestinalis, stercoralis). The 
power possessed by small Nematoda of resisting the effects of pro- 
longed desiccation and of coming to life again on being moistened 
is very remarkable. 


Fam. Ascaride. . Body tolerably stout. With three lips furnished with 
papille. One of these lips is directed towards the dorsal surface, while the two 
others meet together in the ventral line. The posterior end of the male is 
ventrally curved, and usually furnished with two horny spicula, 





FıG. 283.—Ascaris lumbricoides (after R. Leuckart). a, Posterior end of a male with the two 
spicula (Sp). db, Anterior end from the dorsal side, with the dorsal lip furnished with 
two papille. c, The same from the ventral side with the two lateral ventral lips and the 
excretory pore (P). d, Egg with the external membrane formed of small clear spherules. 


Ascaris L. Polymyarian, with three strongly developed lips, the edges of 
which are in the larger species provided with teeth. The pharynx is not; sepa- 
rated as a distinct bulb. The caudal extremity is usually short and conical, 
and in the male sex invariably provided with two spicula (fig. 283, a). A. 
lumbricoides Cloquet, the human round worm, a smaller variety in the pig 
(A. suilla Duj.) The cggs pass into water or damp earth and remain there 
some months, until the embryonic development is completed ; they are probably 
carried into the alimentary canal of their later host by means of an inter- 
mediate host. A. megalocephala Cloquet (horse and 0x); A. mystax Zed. 
(cat and dog), sometimes parasitic in man. 

Ozyuris Rud. Meromyarian ; usually with three lips, which bear small 
papille. The posterior end of the @sophagus is enlarged to a spherical bulb 
provided with a masticatory apparatus. The posterior end of the body of the 
female is thin and pointed. while that of the male has only two pra&anal and few 
postanal papille, and a single spiculum (fig. 279). O vermicularis L., in the 
large intestine of man, distributed in all countries, The female is about ten 
mm. long. 0. cureula Rud., in the czcum of the Horse. 
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Fam. Strongylide. The male genital opening is placed at the hinder end of 
the body, at the bottom of an umbrella- or bell-shaped bursa, the margin of 
which is furnished with a varying number of papille. 

Eustrongylus Dies. With six projecting oral papille, and a row of papillz 
on either lateral line. The bursa is bell-shaped and completely closed, with 
regular muscular walls and numerous marginai papille. There is only one 
spiculum. The female genital opening is far forward. Thelarvz live eneysted 
in fishes. (Filaria eystica from Symbranchus). E.gigas Rud., the body of 
the female is three feet in length, and only twelve mm. thick. It lives singly 
in the pelvis of the kidney of the Seal and Otter, and very rarely in Man. 

Strongylus Rud. With six oral papille and small mouth. Two conical 
„g ervical papille upon the lateral lines. The pos- 

° terior end of the male has an umbrella-like incom- 
pletely closed bursa. Two equal spieula, usually 
with unpaired supporting organ. The female sexual 
opening is sometimes approached to the posterior 
end of the body. They live for the most part in the 
lungs and bronchial tubes. it. longevaginatus Dies. 
Body 26 mm. long, 5 to 7 mm. thick. The female 
sexual opening lies directly in front of the anus, 
and leads into a simple ovarian tube. Only once 
found in the lung of a six-year old boy, in Klausen- 
burg. Si. paradozus Mehlis, in the bronchial tubes 
of the pig. St. filaria Rud., in the bronchial tubes 
of the sheep. St. commutatus Dies., in the trachea 
and bronchial tubes of the hare and rabbit. Sf. 
awricularis Rud., in the small intestine of Bafrachia. 
Dochmius Duj. With wide mouth and horny oral 
capsule, the edge of which is strongly toothed. Two 
ventrally placed teeth project at the bottom of the 
oral capsule, while on the dorsal wall a conical spine 
projects obliquely forwards.. D. duodenalis Dub. 
_(Aneylostomun duodenale Dub.), 10 to 18 mm. long, 
in the small intestine of Man, discovered in Italy ; 
very widely distributed in the countries of the Nile 
(Bilharz and Griesinger). By aid of its strongly 
armed mouth it wounds the intestinal mucous mem- 
[ brane, and sucks the blood from the vessels. The 
Fı@. 284.—Dochmius duodenalis frequent hemorrhages occasioned by these Dochmia 

(after R. Leuckart). a,male; are the cause of the illness known by the name of 

a Egyptian chlorosis (fig. 284). It has lately been 

ya ’ established that this worm occurs in Brazil, and 

that, like D. Zrigonocephalus, it develops in puddles 
of water (Wucherer). D.trigonocephalus Rud., in the Dog. Selerostomum Rud, 
With characters o£ Dochmius, but with a different oral capsule, into which two 
long glanular sacs open. Se. equinum Duj.=armatum Dies. In the intestineand 
the mesenteric arteries of the horse. Bollinger* has shown that the phenomena 
of colie in the horse may be referred to embolic processes proceeding from 
aneurism of the intestinal artery. Each aneurism contains about nine worms. 








* Bollinger, “Die Kolik der Pferde und das Wurmaneurysma der Einge- 
weidearterien,' München, 1870. 
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Se. tetracanthum Mehlis, also in the intestine of the horse. The embryos, after 
migrating into the intestine, become encysted in the walls of the rectum and 
cxcum, assume within the cyst their definite form, break out from the cyst, 
and escape again into the intestine. (ucullanus elegans Zed., in the Perch. 

Fam. Trichotrachelide, with long neck-like thin anterior portion of the 
body. Mouth small, without papille. (Esophagus very long, traversing a 
peculiar cord of cells. 

Triehocephalus Goeze. Anterior part (fig. 285) of the body elongated and 
whip-shaped: posterior part cylindrical and sharply distinet, enclosing the 
generative organs, in the male it is coiled up. Lateral lines absent. Main 
median lines present. The penis is slender and furnished with a sheath, which 
is turned inside outwhen the formeris protruded. The hardshelled, lemon-shaped 
ezgs undergo the first part of their development in water. 7r. dispar Rud. In 
the human colon : these worms do not live free in the intestine, but bury their 
filiform anterior extremity in 
the mucous membrane (fig. 
235). The eggs pass out of the 
host with the faces, as yet 
without a sign of beginning 
development, which only takes 
place after a prolonged sojourn 
in the water or in a damp 
place. According to the ex- 
periments of Leuckart per- 
formed with 7r. afinis of the 
sheep and Zr. crenatus of the 
pig, embryos with the egg 
membranes, if introduced into 
the intestine, develop into the 
adult Tricocephalus ; and we 
may therefore conclude that 
the human Zr. dispar is intro- 
duced directly, and without an 
intermediate host either in the 
drinking water or in uncleaned Fıc. 285.—Trichocephalus dispar (after R. Leuckart). 
food. The young Zr. dispar a, Egg; b, female _% male with the anterior part of 
is at first hair-like, and re- be body buried in tho mucous membrane; Sp, 

SE spiculum, 
sembles a Trichina, and only 
gradually acquires the considerable thickness of the hind end of the body. 

Trichosomum Rud. Body thin, hair-like, but the posterior end of the body 
in the female is swollen. Lateral lines and the prineipal median lines are 
present. The male caudal extremity has a cutaneous fold and a simple penis 
(spieulum) and sheath. 7r. manis Creplin., in the large intestine of the 
house-mouse. Tr. crassicauda Bellingh., in the bladder of the rat. According 
to Leuckart, the dwarfed male lives in the uterus of the female, There are 
usually two or three, more rarely four or five males in a single female. There 
is also a second species of Trichosomum found in the bladder of the rat. 
Tr. Schmidtii v. Linst., the larger male of which was formerly taken for that of 
Tr. erassicauda. 

Triehina Owen.* Body thin, hair-like. Principal median lines and lateral 

* Comparethe writingsof R. Leuckart, Zenker, R. Virchow, Pagenstecher, etc, 
23 
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lines are present. The female generative opening well forward. The posterior 
end of the body of the male has two terminal cones between which the cloaca is 
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Fıc. 286.--Trichina spiralis. a, Mature female Trichina from the alimentary canal; G, 
genital opening; E, embryos; Ov, ovary. d, Male; 7, testis. c, Embryo. d, Embryo 
which has migrated into a muscle fibre, already considerably enlarged. e, Te same 


(developed into a coiled Muscle Trichina, and encysted. 
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projected. 7r. spiralis Owen, in the alimentary canal of Man and numerous, 
prineipally carnivorous, Mammalia ; hardly twolines inlength. The viviparous 


‘ females begin to bring forth embryos about eisht days after their migration 


into the alimentary canal. These embryos traverse the intestinal walls and 
body cavity of the host, and migrate, partly by their own movements in the 
bundles of connective tissue, partly with the aid of the currents of blood into 
the striped muscles of the body. They pierce the sarcolemma and penetrate 
into the primitive bundles, the substance of which degenerates, the degeneration 
being accompanied by an active 
multiplication of the nuclei. In 
a space of fourteen days they 
develop, within a sac-like swelling 
of the muscle fibres, into spirally 
coiled worms, around which and 
within the sarcolemma and its 
connective tissue investment a 
clear lemon-shaped capsule is 
excreted from the degenerated 
muscle substance. The young 
Muscle-Trichina can remain liv- 
ing for years within this capsule, 
which at first very delicate, gra- 
dually becomes thickened and 
hard by the formation of other 
layers and by the gradual deposi- 
tion of calcareous matter. If the 
encysted animal is transferred 
into the intestine of some warm- 
blooded animal in the flesh of its 
first host, it is freed from its cyst 
bythe action of the gastric juice, 
and the rudimentary generative 
organs, which are already toler- 
ably far developed, quickly attain 
maturity. In from three to four 
days after their introduction the 
asexual Muscle-Trichinas become 
sexual Trichinas. These copulate 
and produce a brood of embryos 
which migrate into the tissues of - 
a ie um 
any ae 700 Dre) hg. Gas, 0, mouth; P, papilla. db, Pregnant female 
286). Th: house rat is especially (iz) reduced more than half). c, Embryos 
to be mentioned as the natural strongly magnified. 
host of the Trichina. This 
animal does not hesitate to eat the carcase of its own species, and so the 
Trichina infection is passed on from generation to generation. Carcases in- 
fected with Trichinas are sometimes eaten by the omnivorous pig, in whose 
flesh the encysted Trichinas are introduced into the intestine of man, and 
oceasion the well-known disease, Trichinosis, which when the migration takes 
place in number, often has a fatal result. 

Fam. Filariide. Body filiform, elongated, often with six oral papille, some- 
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times with a horny oral capsule, with four pr&anal pairs of papille, to which 
an unpaired papilla may be added, with two unequal spieula or with simple 
spiculum, 

Filaria O. Fr. Müll. With small mouth and narrow «sophagus. This 
species, which is sometimes destitute of papille, lives outside the viscera, 
usually in connective tissue, frequently beneath the skin (divided by Diesing 
into numerous genera). #. (Dracunceulus) medinensis* Gmel. the Guinea 
worm, in the subeutaneous cellular tissue of Man in the Tropies of the Old 
World, reaches a length of two feet or more. The head is provided with two 
small and two larger papille. The female is viviparous, and without sexual 
opening. The male form is unknown. The worm lives in ihe connective 
tissue between the muscles and beneath the skin, and after reaching sexual 
maturity, occasions the formation of an abscess, with the contents of which 
the embryos escape to the exterior (fig. 287). It has lately been proved 
(Fedschenko) that the embryos of Filaria migrate into a Cyclops and there 
undergo an ecdysis. Whether they are then (in the body of the Cyclops) 
introduced into man in his drinking water, or whether they first escape and 
copulate in a free state, is not known. F. immitis lives in the right ventricle 
of the dog, and is very abundant in East Asia. It is viviparous. The 
embryos pass directly into the blood, where, however, they do not undergo their 
further development. Similar young Hzsmatozoa are also found in the blood 
of man in the Tropies of the New and Old Worlds (A. sanguinis hominis, 
F. Bancrofti). Since these animals are also found in the urine, their appear- 
ance seenıs to have an wtiological connection with hamaturia. In the East 
Indies, young Filaria also live in the blood of the street dog, and would seem 
to be related to the brood of Filaria sanguinolenta, since, according to Lewis, 
knotty swellings on the aorta and @sophagus are inyariably found with these 
Filaria. F. papillosa Rud. in the peritoneum of the horse. AZ! loa Guyot., in 
the conjunctive of negroeson the Congo, F.labialis Pane. Only once observed 
at Naples. An immature Zlaria described as Filaria lentis (oculi humani) 
has been found in the human capsula lentis. 

Fam. Mermithide. Aproctous Nematodes, with very long filiform body, and 
six oral papille. The male caudal region is broad, and is provided with two 
spicula and three rows of numerous papille. They live in the body cavity of 
insects, and escape into the damp earth, where they attain sexual maturity 
and copulate. Mermis nigrescens Duj., was the occasion of the fable of the 
worm rain. M, albicans v. Sieb. v. Siebold established by experiment the 
migration of the embryos into the caterpillars of Tinea evonymella. Spherularia 
bombi Leon Duf, 

Fam. Gordiide. Body elongated and filiform. Without oral papill® and lateral 
lines, with a ventral cord. The mouth and anterior region of the alimentary 
canal is obliterated in the adult state. The testes and ovaries are paired and 
open to the exterior with the anus near the hind end of the body. Uterus: 
unpaired, with receptaculum seminis. The male caudal region is forked, and is 
destitute ofspicula. In the young stage they livein the body cavity of predatory 
insects, and are provided with a mouth. At the pairing time they pass into the 
water, where they become sexually mature. The embryos, which are provided 
with a circle of spines, bore through the egg-membranes and migrate into: 
Insect larve» (Chironomus-lare@, Ephemerid@), and there encyst. Water 


* Compare H. C. Bastian, “On the Structure and Nature of the Dracunculus,”” 
Trans, Linn. Society, vol. xxiv., 1863. Fedschenko 1. e. 
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beetles and other aquatic predatory insects eat with the flesh of the Zphemerid 
larv@ the encysted young forms, which then develop in the body cavity of 
their new and larger host to young G@ordiüde. Gordius aquaticus Duj, 

Fam. Anguillulide* Free living Nematodes of small size. Caudal 
glands are sometimes present. The lateral canals are often replaced by the 
so-called ventral glands. Some species either live on or are parasitic in plants ; 
‚others live in fermenting or decaying matter. The greater number, however, 
live free in earth or water. Z7ylenchus Bast. Buccal cavity small, and con- 
taining a small spine. The female genital opening lies far back. 7. scandens 
Schn. =tritici Needham, in mildewed wheat grains. When the grains of wheat 
fall the dried embryos grow in the damp earth, bore through the softened 
membranes, and make their way on to the growing wheat plant. Here they 
remain some time, perhaps a whole winter without alteration, until the ears 
begin to be formed. They then pass into the latter, grow, and become 
sexually mature, while the ear is ripening. They copulate and deposit their 
eggs, from which the embryos creep out, and at length constitute the sole con- 
tents of the wheat grains. 7. dipsaci Kuhn, in heads of thistles (Cardius) 
T. Davainii Bast, on roots of moss and grass. Zeterodera Schachtii Schmidt., 
roots of the beet-root, also of the cabbage, of wheat, barley, etc. Rhabditis 
Duj,, divided by Schneider into ZLeptodera Duj. and Pelodera Schn. Zh. 
flexilis Duj,, head very sbarply pointed, mouth with two lips, in the salivary 
glands of Limaw einereus. Rh. angiostoma Duj. Rh. appendiculata Schn., 
in damp earth, 3 mm. long. The larva, which is without a mouth, and has two 
caudal bands, is found in Arion empiricorum, Anguillula aceti= glutinis 
©. Fr. Müll.. known as the vinegar worm and pasteworm, 1 to 2 mm. long. 

Of the many marine Anguwillulide (Enoplide), we must mention Dory- 
laimus maszimus Bütschli, D. stagnalis Duj., found in mud everywhere in 
Europe, ZEnchelidium marinum Ehrbg., Enoplus tridentatus Duj. 

The abberant families Desmoseolecid@ and Chetosomid@ are allied to the 
Nematoda, 


THE CHETOGNATHA. 


The O'hetognatha, } containing only the genus Sagitta, are allied 
to the Nematodes. They are elongated round worms, with a pecu- 
liarly armed mouth and laterally placed horizontal fins, the mem- 
branous edges of which are supported by rays.. The anterior 
portion of the body is sharply separated off as a head, and bears in 


* Davaine, “ Recherches sur l’Anguillule du ble nielle,” Paris, 1857. Kühn, 
“Ueber das Vorkommen von Anguillulen in erkrankten Blüthenköpfen von 
Dipsacus fullonum,” Zeitschr. für wiss Zool., Tom IX., 1859. Bastian, “ Mono- 
graph of the Anguillulide or free Nematoids, marine, land, and fresh water,” 
London, 1864. O. Bütschli, ‘ Beiträge zur Kentniss der freilebenden Nema- 
toden,” Nov. Acta, Tom XXXVI., 1873. Lad. Oerley, “Monographie der 
Anguilluliden,” Buda-Pest., 1880. 

f Compare A. Krohn, “ Anatomisch-physiologische Beobachtungen über die 
Sagitta bipunctata,”” Hamburg. 1844. R. Wilms, “De Sagitta mare germani- 
cum eirca insulam Helgoland incolente,’’ Berolini. 1846. Kowalevski, “ Em- 
bryologische Studien an Würmern und Arthropoden,” Mem. de l’ Acad. 
St. Petersbourg, Tom XVI. O. Hertwig, “Die Chztognatha, eine Mono- 
graphie,” Jens, 1880. 
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the region of the mouth two lateral groups of hooks which function 

















Tıe. 2388. —Sagitta 
cephaloptera, 
times, viewed from the dorsal 
side (after O. Hertwig). F, 


(Spadella) 
magnified 30 


posterior fin; G, supra- 
osophagenl ganglion ; Te, ten- 
tacles; R, olfactory organs; 
Ov, ovary; Od, oviduct; 7; 
testis; 7d, vas deferens; Sb, 
vesicula seminalis. 


as jaws. 

The nervous system consists, according 
to Krohn, of a cerebral ganglion on 
which the eyes are situated, and a ven- 
tral ganglion placed in about the middle 
of the body length. There are in addition 
two ganglia near the mouth, which may 
be considered as the sube&sophageal gan- 


glia, and are connected with each other 


and with the cephalie ganglion by «so- 
phageal commissures. 


[The common view now is that the large 
ventral ganglion of the middle of the body, 
which is connected with the cerebral by com- 
missures, is homologous with the subasophageal 
ganglia of other types. ] 


The straight alimentary canal is at- 
tached to the body wall by a dorsal and 
ventral mesentery from the «@sophagus 
backwards, and opens to the exterior at 
the base of the long tail, which terminates 
in a horizontal fin (fig. 288). 


[The body cavity is well developed, and 
divided by the dorsaland ventral mesenteries into 
two parts, and again by two transverse verti- 
cal septa into a cephalic section, a section in 
the body, and finally a caudal section. Vas- 
cular and exeretory organs are absent.] 


Reproduction. The Chetognatha are 
hermaphrodite, and possess paired ovaries, 
which open by two apertures at the base 
of the tail and are connected with 
seminal pouches. The testes also are 
paired, and situated posteriorly to the 
ovaries in the tail; their products pass to 
the exterior by openings at the sides of 
the tail. Segmentation is complete, and 
leads to the formation of a blastosphere. 
One side of this becomes invaginated so 
that the segmentation cavity is obliterated 
and a gastrula is formed, in the entoderm 
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of which two cells may already be recognised as primitive generative 
cells. As soon as these make their appearance in the entoderm, the 
latter becomes folded in such a way that the archenteron is divided into 
a median and twolateral cavities. Thelayer of cells lining the lateral 
cavities becomes the mesoderm, and the contained cavities the two 
lateral compartments of the body cavity, while that of the middle 
caviby gives rise to the wall of the mesenteron or alimentary canal. 
The permanent mouth is formed at the end opposite to that at 
which the blastopore, which is now closed, was situated. 

There is but one genus, Sagitta Slab., of which several species, e.g., 
Sagitta bipunctata Krohn, S. germanica Lkt. Pag. from the Euro- 
pean seas have been more accurately described. 


Order 2-—-AÄCANTHOCEPHALA,* 


Elongated round worms with protrusible proboscis furnished with 
hooks ; without mouth and alimentary canal. 


The saceular, often transversely wrinkled body begins with 
a proboseis, which is furnished with recurved hooks and can be 
retracted into a tube projecting into the body 
cavity (sheath of the proboseis) (fig. 289, R and 
Rs). The posterior end of this sheath is fas- 
tened to the body wall by a ligament, and by 
retractor muscles. The nervous system (fig. 289, 
@) is placed at the base of the proboseis, and 
consists of a simple ganglion formed of large 
' cells. Nerves are given off from the ganglion 
anteriorly to the proboseis, and through the 
lateral retractors (retinacula) to the body wall 
(fig. 289, R). The latter supply partly the 
muscular system of the body, and partly the 
genital apparatus, in which there are, princi- 
pally in the male animal, special nerve centres Fıc. 289—Anterior part. 
consisting of ganglionic enlargements. 2 = aan. 

Sense organs are entirely wanting, as also are sheath of proboscis; 
mouth, alimentary canal, and anus. ne : 

The nutritive juices are taken in through the 
whole outer surface of the body. In the soft granular subeuticular 








* Besides Dujardin, Diesing, 1. c., compare: R. Leuckart, “ Parasiten des 
Menschen,” Tom II., 1876. Greeff, ‘“ Untersuchungen über Echinorhynchus 
miliaris,” Arch. für Naturgesch, 1864. A Schneider, * Ueber den Bau der 
Acanthocephalen,” Müller’s Archiv., 1868. Also the Sitzungsberichte der 
Oberhessischen Gesellschaft für Natur- und Heilkunde, 1871. 
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layer of the integument lies a comp 


NEMATHELMINTHES, 


licated system of canals, filled with 


a clear fluid containing granules. Beneath the internal lıyer of the 
integument, which layer is often very extensive and of a yellow 
colour, is placed the powerful muscular tunie; it is composed of 
external transverse and internal longitudinal fibres, and bounds the 
body cavity. Tne complicated ramified system of dermal canals, of 





FıG. 290.—Male of Echi- 
norhyneus angustatus 
(after R. Leuckart). 
R, proboscis; Rs, 
sheath of the probos- 
cis; Zi, ligament; 
@, ganglion; Ze, lem- 
nisci; 7, testes; Vqd, 
vasa deferentia; Pr, 
prostatic sacs; De, 
ductus ejaculatorius; 
P, penis; B,retracted 
bursa, 


to the end of the 


which two prineipal longitu- 
dinal trunks may be recog- 
nised, is filled with juices, 
and probably functions as a 
nutritive apparatus. The 
portion of this system which 
extends into two bodies (the 
lemnisci, fig. 289, Le) project- 
ing behind the proboseis 
through the muscular tunie 
into the body cavity, probably 
acts as an excretory organ, 
since the contents of the fre- 
quently anastomising canals 
of these lemnisei is usually 
of a brown colour, and consists 
of a cellular mass rich in 
concretions. According to 
Schneider, the vessels of the 
lemnisei open into a cireular 
vessel in the integument, and 
only communicate with the 
network of canals in the 
cephalie region, while the 
other dermal vessels (nutritive 
apparatus), the contents of 
which differs from that of the 
vesselsof the lemnisei, are com- 
pletely shut off from the latter. 

Generative organs. The 
body cavity through which 
fluids eireulate‘ encloses the 
greatly developed generative 
organs, which are attached 


sheath of the proboseis by a ligament 





Fıs. 391. — (renerative 
ducts of a female 
Echinorhynchus gigas 
(after A. Andres). Li, 
ligament; F, disc- 
shaped floceuli; 7°, F”, 
appendages of the 
same; U, uterus; TV, 
vagina; 2, lateral 
pouches of the bell; 
@d, dorsal ceils at the 
base of the bell; @I, 
lateral cells. 


(gs. 290 
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and 291, Zi). The sexes are separate. The male (fig. 290) has two 
testes (7), and the same number of efferent ducts (Vd). The latter 
unite behind to form a ductus ejaculatorius (De), which is often fur- 
nished with six or eight glandular sacs (Pr), and a conical penis (P), 
at the bottom of a bell-shaped protrusible bursa (2), situated at the 
posterior pole of the body (fig. 290). The generative organs of the 
larger females (fig. 291) consist of the ovary 
developed in the ligament ; of a complicated 
uterine bell, beginning with a free opening 
into the body cavity ; of the oviduct and the 
short vagina, which is divided into several 
portions and opens at the posterior end of 
the body (fig. 291). It is only in the young 
stage that the ovary is a simple body en- 
closed by the membrane of the above-men- Ta a Hinbrre ch Hin 
tioned ligament. As the animal increases in orhynehus gigas enclosed in 
size, the ovary grows, and becomes divided Ey eur 
into numerous spherical masses of eggs, the 
pressure of which bursts the membrane of the ligament ; the masses 
of ova as well as the ripe elliptical eggs, which gradually become free 
from them, fall into the body cavity. The egg membranes are not 
formed till 
after seg- 
mentation, 
and ought 
perhapsto be 
interpreted 
as embryo- 
nic mem- 
branes. The 
eggs, which 
already con- 
tain em- 
bryos, pass: 
out of the 
body cavity 
FıG. 293.—Lary® of Echinorhynchus proteus from Gammarus (afteı into cho 
Leuckart). a, Free embryo; Ek, embryonic nucleus. d, Olderstag,, uterine bell, 


with more differentiated embryonic nucleus. c, Young female worm ; which is 
Ov, ovary. d, A young male worm; T\, testes; Le, lemnisci. 








continually 
dilating and contracting, thence into the oviduct, and through the 
 genital opening to the exterior. 
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Development. Segmentation is irregular and complete, and results 
in the formation of an embryo, which is enclosed in three egg-mem- 
branes. The embryo has a small, somewhat long body, armed with 
small spines at the anterior pole, and containing a central granular 
mass (embryonie nucleus) (fig. 292). It passes into the intestine of Am- 
phipods (Zeh. proteus, polymorphus), or of Isopods (Ech. angustatus), 
and there becomes free, bores through the wall of the intestine, and 
after losing the embryonie spines, develops to a small elongated larva, 
which, like a pupa, lies in the body cavity of the small Crustacean 
with its proboseis retracted and surrounded by its firm external 
skin as bya cyst (fig. 293). The skin of the larva gives rise only 
to the integument, the vessels and the lemnisei of the adult; while 
all the other organs enclosed within the dermal museular envelope, 
viz., the nervous system, the sheath of the proboseis, and the gene- 
rative organs, are developed from the so-called embryonie nucleus. 
It is only after their introduction into the intestine of fishes (Zeh. 
proteus) or of aquatic birds (Zeh. polymorphus), which feed on these 
Crustacea, that the larvs attain to sexual maturity, copulate, and 
reach their full size. 

The numerous species of the genus Zehinorhyneus O. F. Müller live prin- 
cipally in the alimentary canal of different Vertebrata ; the gut wall may be 
as it were sown with theseanimals. Zeh. polymorphus Brems., in the intestine 
of the duck and other birds, also in the crayfish. Zch. proteus Westrumb., 
Beh. angustatus Rud., in fresh-water fish. Zeh. gigas Goeze, as large as an 
Ascaris lumbricoides, in the small intestine of the pig. According to 
A. Schneider, the embryo completes its development in the mageot. 


Lambl found a small sexually immature Echinorhynchus in the small intestine 
of a child which died of leukzmia. 


CLASS II.—ANNELIDA. 


Segmented Vermes with brain, circum-esophageal ring, ventral nerve 
cord, and vascular system. 


The larva of Loven and its development seems to throw light 
upon the organization of the Annelida and their relations to the 
lower worms and to the Rotifera,; and further makes evident the 
relationship of the Annelida to the Gephyrea, a group of worms 
which possess an 'elongated body devoid alike of external and 
internal segmentation, and, as an equivalent of the ganglionie chain, 
a ventral nerve trunk, which is usually uniformly covered with 
ganglion cells. 

The body of Loven’s larva, from which we must derive the body 
of Annelids, is unsegmented, and represents mainly the Annelid head. 
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Behind it is continued into an indifferent terminal portion equivalent 
to the whole body of the adult. 

At the apical region of the larva (fig. 294, Sp) there is a 
thiekening of the eetoderm, which is called the apical plate. This 
represents the rudiment of the cerebral ganglion (apical ganglion), 
and gives off nerves to either side. The wide mouth (O) has a 





Fıg. 294.—Development of Polygordius (after B. Hatschek). a, Young larva; Sp, apical 
plate with pigment spot; Prw, pr&-oral circle of cilia; O, mouth; Pow, post-oral cirele 
of cilia; A, anus; Ms, mesoderm; KN, head kidney. db, Older larva with commencing 
segmentation of the body, a second limb is developed in the head kidney. c, Older stage. 
The body is elongated to the form of a worm, and divided into & number of metameres ; 
HWk, posterior circle of cilia; Af, eye spot; F, tentacle. 


ventral position, and leads into an alimentary canal, which opens 
ab the posterior end of the body (A). In front of the mouth there 
is a strongly developed circle (pr«oral) of eilia (Prw); and behind 
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the mouth a weaker (postoral) eirele (Pow); to the right and left 
there is an exeretory canal (head kidney), which begins with a 
eiliated funnel. By the differentiation of the cephalie region of the 
larva into pr&stomial lobe and oral segment, and by the gradual 
growth in length of the posterior part of the body and the 
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Fıs. 294 d.— The young 
Polygordius; @, cerebral 
ganglion; Wa, ciliated 
pit; .D, alimentary canal. 


segmentation of the latter into a number 
of successive metameres, the originally un- 
segmented larva is transformed into an 
Annelid (fig. 294, a—d). There is, therefore, 
between the segmented adult and the larva 
a morphological relation similar to that be- 
tween the cestoid and the simple scolex, from 
the posterior end of which the proglottides 
are developed. 

The body of the Annelida is sometimes 
flattened, sometimes completely rounded and 
eylindrieal. It is composed of a number of 
successive segments, which are usually sepa- 
rated from each other externally by trans- 
verse constrietions.. The segmentation is 
generally homonomous, in that the segments 
following the head resemble each other not 
only in external appearance, but also in 
internal structure, ©.e., they repeat similar 
sections of the internal organization. The 
terminal segment with the anus, however, 
has a special structure inasmuch as it 
retains the primitive, more indifierent char- 
acter of the posterior end of the body of 
the larva, and during the development of 
the worm gives origin to new segments 
anterior to itself. The homonomy of the 
preceding segments of the body is, how- 
ever, never complete, since certain organs 
are confined to definite segments. The 
internal segments, which are separated by 
dissepiments, either correspond with the 
external segmentation as marked by the 
annular constrietions of the integument 


(Chetopoda), or each internal segment corresponds to a definite 
number (3, 4, 5, ete.) of the external rings (Hirudinea). 
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Organs of locomotion. Special organs of locomotion may either 
have the form of bristle-bearing unjointed appendages (parapodia) 
on each ring of the body (CO’hetopoda), or of terminal suckers 
(Hirudinea). In the first case each segment may possess a dorsal 
and ventral pair of appendages (the neuropodia and notopodia), 
which, however, are sometimes replaced by simple set embedded 
in dermal pits. 

Alimentary canal. The mouth is placed on the ventral surface 
at the anterior end of the body, and leads into a muscular pharynx,, 
which is often provided with a powerful armature and can be 
protruded like a proboseis. This is followed by the gastrie region 
of the gut, which oceupies the greatest portion of the length of the 
body, and is either regularly constrieted in correspondence with the 
segments, or possesses lateral divertieula ; it is only coiled in excep- 
tional cases. The anus is usually 
dorsal at the hinder end of the 
body. 

The nervous system consists of 
a cerebral or supra - @sophageal 
ganglion, which is derived from the 
apical plate of the larval pra&-oral 
lobe, of an &sophageal ring, and of 
a ventral cord or ganglionie chain, 
the two halves of which lie more 

n Fıs. 295.—Transverse section through: 
or less approached to each other in the body of Protodrilus (after B. Hat- 
the median line. The ventral cord schek). $ $, The two lateral trunks of 

the nervous system; @, ganglionic 
arises from two later2! nerve cords, layer of the same; D, alimentary 
which probably correspond to the a a 
lateral nerve trunks of the Ne- 
mertines. These two cords are continuous with the «sophageal 
commissures, and, like the latter, are uniformly covered with 
ganglionie cells. This form of the nervous system may persist, 
as may also its ectodermal position (Archiannelida, Protodrilus). 
(fig. 295). In most Annelida, however, this is only a transitory 
condition; for at a later stage the lateral cords become separated 
from the ectoderm, come together in the median line, and acquire 
a segmentation corresponding to the metameres of the body. The 
nerves of the sense organs arise from the cerebral ganglion ; the 
other nerves pass out from the parts of the ventral cord or, as 
the case may be, from the ganglia of the ventral chain and from 
the longitudinal commissures between the latter. There is in 
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almost all cases a visceral nervous system (sympathetic). The 
following sense organs are found: paired eye spots with refractive 
structures, or larger more complicated eyes; also auditory vesicles 
upon the «sophageal ring (branchiate worms), and tactile organs. 
The latter have, in the O’hetopoda, the form of tentacles and tentacular 
eirri on the head and of cirri on the parapodia. When tentacles 
and cirri are absent, the anterior end of the body and the region of 
the mouth seem to function as tactile organs. 

Vascular system. A blood vascular system is very commonly 
present; in many cases, however, it seems not to be completely 
elosed, but to communicate with the body cavity, which contains 
blood. Two main vascular trunks, a dorsal and a ventral, connected 
with one another by numerous transverse anastomoses, are generally 
present. The blood is usually coloured (green or red), and its eir- 
culation is effeeted by the contractility of the walls of certain vessels; 
sometimes the dorsal vessel, sometimes the ventral, and sometimes 
the transverse connecting vessels are contractile. Lateral longi- 
tudinal vessels are often present in addition to the above. In the 
Hirudinea these, as well as the median contractile blood sinus, are 
probably to be regarded as isolated parts of the body cavity. 

Special respiratory organs are found amongst the Ohetopoda in 
the branchiate worms. i 

The exeretory organs, corresponding to the water-vascular or 
excretory system of the Platyhelminthes, have the form of coiled 
canals (segmental organs or nephridia), which are repeated in pairs 
in each segment. Each nephridium usually begins with a ciliated, 
funnel-shaped opening into the body cavity, and opens to the exterior 
by a lateral pore (fig. 70). These may assume in certain segments 
the function of generative ducts, e.g., the nephridia of the G@ephyrea, 
which, however, are much reduced in number. In the cephalic 
segment or head there is also a segmental organ (head kidney), 
which in the larva functions as a kidney and later disappears. 

Reproduction. —Considering the independence of the segments, to 
which we ascribe the value of a subordinate (morphological) indi- 
viduality, the occurrence of asexual reproduction by fission and 
gemmation in the long axis (Chetopoda) is not surprising. Nume- 
rous Annelida (Oligocheta, Hirudinea) are hermaphrodite; the 
marine C'hetopoda, on the contrary, are for the most part of separate 
sexes. Many lay their eggs in special sacs and cocoons, in which 
case development is direct, without metamorphosis. The marine 
worms, on the contrary, undergo a more or less complicated 
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netamorphosis. The Annelida comprise tervestrial and aquatie 
animals, and they eat, for the most part, animal food. Many of 
them (Hirudinea) are occasionally parasitic. 

In the group of the Annelida three principal divisions may be 
distinguished,—the C'hetopoda, the unsegmented 
Gephyrea, and the HZirudinea which are adapted 
for parasitism. The Zirudinea are not in any 
degree to be regarded as Annelida of a lower 
grade of organization, but they rather present, 
at least in the case of some organs, as alimen- 
tary canal, circulatory and generative organs, 
a more complicated structure, and agree most 
closely with the Oligochzxta, from which they 
may be derived. 


Sub-class 1.—CHZTOPODA.* 


Free living Annelida, with paired tufts of 
sete on the segments, frequently with distinet 
head, also with tentacles, cirri, and branchie. 

The Chzxtopoda are divided externally into rFıc. 296.—-Grubea fusi- 





& ® s fera (after Quatre- 
segments, which correspond with the metameres a 
of the internal organs, and are, with the excep- D, alimentary canal; 


. . . . Ben . C, ceirri; F, tentacles. 
tion of theanterior-region, which is distinguished I 


as the head, usually tolerahly alike (fig. 296). Parapodia provided 
with sets are very frequently present on the segments; their prin- 
cipal function is that of 
locomotion, but their va- 
rious appendages, the 
branchie and cirri, also 
discharge tactile and respi- 
ratory functions (fig. 297). 


* Besides the older works 
of Savigny, Audouin et Milne 
Edwards, and Quatrefages, 
compare E. Grube, “ Die Fami- 
lien der Anneliden,”’ Archiv 
für Naturgesch, 1850 and 1851. 
E. Claparede, “ Recherches 
Fıg. 297.—Dorsal (DP) and ventral (VP) Para- Anatomique Sur les Annelides, 

pcdium with bundles of sete of Nereis (after etc.’’ Geneve, 1861. E. Ola- 

Quatrefages), Ac, Aciculum; Ze, dorsal cirrus; parede, “Les Annelides cheto- 

B:, ventral eirrus. podes du golfe de Naples,” 

Geneve et Bäle, 1868, also Sup- 
plement, 1870, and “ Recherches sur la structure des Annelides södentaires,” 
Geneve, 1873. Fr. Leydig, 1. c., also “ Tafeln zur vergl. Anatomie,” 1864. 
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The form of the movable setze varies extremely, and aflords a good 
character for the classification of families and genera. According 
to the strength, form, and mode of ending (fig. 298), the following 





[I 

FısG 298.—Sete of different Polycketa (after Malmgren and Claparöde). a, Hooked seta of 

Sabella crassicornis; b, of Terebella Danielsseni; c, seta with spiral ridge from Sthenelais ; 

d, lance-shaped seta of Phyllochetopterus; e, of Sabella crassicornis; f, of Sabella pavonis; 
9, Composite sickle-shaped seta of Nereis cultrifera. 





forms can be distinguished : hair-sete, hooked-set®, flat-sete (palee), 
lance-setze, sickle-shaped set, ete. When the parapodia and their 
appendages are com- 
pletely wanting, the 
sete are embedded in 
pits in the integument, 
and are arranged either 
in one or two rows on 
either side, that is, in a 
lateral ventral row on 
either side, or in a ven- 
tral row and a dorsal 
row on either side In 
such cases the number 
of sete is small (Oligo- 
cheta). The set® may, 
on the contrary, be pre- 


PZ 





FıG. 299.—Anterior end of Polyno& extenuata, the first x 
elytron on the left’ hand being removed (after Cla- sent in great number, 


a two set of the oral segment are visible ; so that the integument 
’ ee ” ” 
on either side seems to 


be covered with long hairs and set®, and a thick felt of hairs 
shining with a metallie lustre is distributed over the whole dorsal 
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surface (Aphrodite). The appendages of the parapodia. present 
an equally great variety of form and not unfrequently vary in the 
different parts of the body. They are either simple or ringed tenta- 
ele-like processes, the cirri, which are distinguishable into dorsal and 
ventral eirri. The cirri are for the most part filiform, and sometimes 
jointed or conical, and then are often provided with a special basal 
joint. In some cases the dorsal eirri are flattened out as broad scales 
and leaves, the e/ytra, which constitute a protective covering (Aphro- ' 
dite) (fig. 299). In addition to the 
eirri, branchie which may be filiform 
or branched and antler-like, comb- 
shaped or in the form of tufts, are 
frequently present; sometimes they 
are confined to the middle region of 
the body, or are extended over almost 
the whole dorsal surface; sometimes 
they are confined to the head or to the 
anterior segments immediately following 
the oral segment (cephalie branchie). 
The two anterior segments may be 
regarded as forming the head; they 
are fused together, and are, with regard 
to their appendages, different from the 
following segments (fig. 245). The 
anterior segment projects beyond the 
mouth as the frontal lobe, and bears 
the tentacles and palps | palps are ten- 
tacular structures arising from the 
ventro-lateral sides of the head, vide 
p- 379] and also the eyes ; the posterior 
cephalic segment or oral segment bears 
the tentacular eirri. The last segment ; 
(anal segment) bears the anal eirri. en BR 
The alimentary canal is usually wards). PA, pharynx; D, intes- 
straight, and extends from the mouth re E 
to the anus, which is terminal and rarely dorsal; it is divided 
into @sophagus, intestine, and reetum (fig. 300). There is in most 
cases a dilated muscular pharyngeal bulb which is armed with 
papillee or with movable teeth and can be protruded as a proboscis. 
The intestine usually preserves the same structure in its entire 
length and is divided by regular constrietions into a number of 
24 
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divisions or chambers, which correspond to the segments and dilate 
again into lateral divertieula and cwca. The constrietions are due to 
filamentous or membranous septa (dissepimenta), which divide the 
body cavity into the same number of chambers lying one behin 


another. 
The vascular system appears to be closed, so that the clear nutri- 


‚tive fluid found in the body cavity, which, like the blood, contains 


amceeboid corpuscles, does not communicate with the usually eoloured 
contents of the vessels. The dorsal and ventral vessels are not only 
connected at each end by lateral loops, but also in each segment; and 
from these connecting vessels proceed peripheral networks, which 
extend into the integument, the wall of the alimentary canal, and the 
branchie. 


Special organs of respiration are wanting in almost all the Oligo- 


cheta. In the marine Worms, on the contrary, branchie are very 


generally present, usually as appendages of the parapodia. These 


branchie® are either simple cirri which have delicate ciliated walls 
and contain blood-vessels, or are branched (Amphinome) or in some 
cases are pectinate structures (Zunice) which co-exist with special eirri 
on the notopodia (fig. 246). The branchis are sometimes confined 
to the middle segments (Arenicola), and are sometimes developed on 
almost all the segments on the dorsal surface, being simplified 
towards the posterior end of the body (Dorsibranchiata). In the 
Tubicol® the branchi® are confined to the two (Pectinaria, Sabellide) 
or three (Terebella) anterior segments. The respiratory function is, 
however, also shared (Capitibranchiata) by a number of elongated 
tentacles which are grouped in tufts on the head. These are, in 
the Sabellide, supported by a special cartilaginous skeleton, and 
may have secondary twigs developed upon them. They are either 
simply arranged in a circle round the mouth, or in two fan-like 
lateral groups (Serpulide), the base of which is not unfrequently 
drawn out into a spiral plate. Such branchial structures, however, 
also function as organs of touch, as organs for procuring nutriment, 
and even for building the tubes and shells. 

Excretory organs.—There are usually in all the segments paired 
segmental organs, which serve as exeretory organs. They begin, as a 
rule, with a ciliated funnel in the body cavity ; they possess a glandu- 
lar wall, are several times coiled upon themselves, and open to the 
exterior in each segment by a lateral pore. These glandular 
passages serve in general for the removal of matters from the 
body cavity, and in the marine Chetopoda are used during the 
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breeding season as oviducts or vasa deferentia, and permit of the 
passage outwards of the generative products, which have been set free 
in the body cavity. 

Amongst the special glands in the body of the O'hetopoda, those 
cutaneous glands of the Oligocheta which give rise to the thickening 
(extending over several segments) known as the clitellus or girdle, 
are especially worthy of remark. The secretion of these glands 
perhaps assists the intimate connection of the Worms during copula- 
tion. In the Serpulid® there are present two large glands, which 
open upon the dorsal surface of the anterior portion of the body and | 
furnish a secretion used in the formation of the tubes in which the 
animals live, 


) 





a b 


Fıe. 301.—Brain and anterior portion of the ganglionic chain, a, of Serpula; 5, of Nereis, 
(after Quatrefages); O, eyes; @, cerebral ganglion; c, esophageal commissure; Ug, 
sub@sophageal ganglion; ed, nerves to the tentacular cirri and the mouth segment. 


Nervous system. —The longitudinal trunks of the ventral cord are 
often so closely approached that they seem to form a single cord 
(Oligocheta). In the Z’ubicole (fig. 301), on the contrary, they are 
very widely separated from one another, especially in the anterior 
part of the ganglionic chain (Serpula). The visceral nervous system 
consists of paired and unpaired ganglia, which supply the oral region 
and especially the protrusible proboseis. 

Sense organs.—Paired eyes upon the surface of the frontal (üe. 
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praxoral or cephalic) lobe are widely distributed. Eye-spots may also 
be present upon the posterior end of the body (Fabrieia), or may be 
regularly repeated upon the sides of each segment (Polyophthalmus). 
In species of Sabella, pigment-spots with refractive bodies are found 


even upon the branchial filaments, The large cephalie eyes of the 


genus Alciope* are the most highly developed, being provided with 

a large lens and a complicated retina. The presence of auditory 

organs seems less frequent. They appear as paired otolithie vesieles 

upon the @sophageal ring of Arenicola, Fabricia, some Sabellide and 

young Terebellid®, ete. Besides the tentacles, cirri and elytra, other 
portions of the surface of the body may be sensi- 
tive to tactile sensations. On such parts there 
are either stiff hairs and tactile setz, or, as in 
Spherodorum, special tactile warts with nerve 
terminations. 

Reproduction.—In the smaller Chetopoda 
asexual generation by fission and gemmation 
may oecur. Either (fissiparous reproduction) 
a large number of segments of the parent be- 
come separate and give rise to the body of the 
new worm, as for example in Syllis prolifera, 
where a series of the posterior segments, which 
are filled with ova, become separated by a simple 
transverse fission, after the formation of a head 
provided with eyes; or (gemmiparous repro- 

_ duetion) a single segment only, usually the last, 
becomes the starting-point for the formation of 
a new individual. In this way Autolytus pro- 
lifer, one of the Syllide, asexually reproduces 
itself, giving rise to a male and female sexual 





nutus, with the male . . 
animal Polybostrichus form, known respectively as Polybostrichus 
(uiter N. Agassiz). 9 Müllerit (male) and Sacconereis helgolandica 
cular eirri: f, tenta- (female). This is a case of alternation of gene- 


elos; ct, tentacular jations, for the asexual form, Autolytus, gives 
cirri of the male. $ N 5 
rise by budding in the long axis to the sexual 


forms (fig. 302). In this case a whole series of segments are developed 


* Greeff, ‘“ Ueber das Auge der Alciopiden, ete.,” Marburg, 1876 ;and “ Unter- 
suchungen über die Alciopiden,” Nov. Act, der K. Leop. Akad., ete., Tom 
XXXIX., Nro, 2. 

t Compare besides the works of O. Fr. Müller, Quatrefages, Leuckart, and 
Krohn. especially A. Agassiz, “ On alternate Generation of Annelids and the 
embryology of Autolytus cornutus,” Boston Journ. Nat, Hist,, vol. iüi., 1863, 
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in front of the last segment of the asexual form, and these segments, 
after the formation of a head, constitute a new individual. As this 
process is repeated, a chain of connected individuals is formed, and 
these, as soon as they are separated, represent the sexual individuals. 
Among the freshwater Naide, in O'hetogaster, a regular and continued 
budding in the long axis leads to the formation of chains, consisting of 
not less than 12 to 16 zooids, each having only four segments, while 
the sexual individuals consist of a greater number of segments. A 
similar process occurs in the mode of reproduction observed by O. 
Fr. Müller in Nais proboscidea, from the last segment of which a 
new zooid is produced. Both generations of Nais, however, become 
sexually mature. 


[For a more complete account of the asexual reproduction of Ch:topoda, 
vide Balfour, ‘‘ Comparative Embryology,” vol. i., pp. 283, 284. ] 


The Chetopodu are, with 
the exception of the her- 
maphrodite Oligocheta and 
certain Serpuhde (e.g., Spi- 
rorbis spirillum, Protula 
Dysteri) of separate sexes. 
Male and female individuals 
seem occasionally so strikingly 
different in the structure of Fıe.303.—A parapodium of Tomopteris with a 
their organs of sense and lo- en 3 and one free ovum (after C. 
comotion that they have even 
been taken for species of distinet genera. DBesides the above- 
mentioned Sacconereis and Polybostrichus, the asexual generation of 
which is Autolytus, a similar sexual dimorphism has been shown by 
Malmgren for Heteronereis, a genus of the Zycoride, in which the 
males and females differ both in external form and in the number 
of their segments. A remarkable case of heterogamy is also 
afforded by this genus, in that a generation of smaller animals 
swimming upon the surface alternates with a generation of arger 
forms living upon the bottom. 

The generative apparatus of the Oligocheta is very highly deve- 
loped. The ovaries and testes lie in definite segments, and empty 
their contents by dehiscence of their walls into the body cavity. 
Special generative ducts often co-exist with segmental organs in 
the same segment (O. terricol@), while in other cases the segmen- 
tal organs are wanting in the generative segments (O. limicole). In 
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the marine O’h@topoda, the ova or spermatozoa originate on the body 
wall (fig. 303) from cells of the peritoneal membrane, either in the 
anterior segments alone or along the whole length of the body. The 
generative products then become free in the body cavity, attain 
maturity, and pass through the segmental organs to the exterior. 
Only a few Chetopoda, as Eunice and Syllis vivipara, are viviparous, 
all the rest are oviparous; many lay their eggs in connected groups, 
and carry them about with them, while the Oligocheta lay theirs in 
coCOOnS. 

Development. —The segmentation is unequal. A primitive streak 
is very generally developed, though sometimes not until the embryo 
has left the egg. It arises on the ventral side in consequence of the 
development of a middle layer and from neutral plates of the upper 
layer. 

Exeepting in the Oligocheta, the young forms undergo a metamor- 
phosis and after leaving the egg appear as ciliated larve, which are 
provided with mouth and alimentary canal, and essentially resemble, 
with some modifications, Loven’s larva. 

The capability of renewing lost portions of the body, more espe- 
cially the posterior part of the body and different appendages, seems 
to be generally distributed. The Zumbricine and certain marine 
Worms (Diopatra, Lycaretus) are even able to replace the head and 
the anterior segments, with the brain, esophageal ring, and sense 
apparatus. : 

Fossil remains of O’hetopoda are found from the Silurian onwards 
in the most different formations. 


Order 1.—POLYCH£TA.* 


Marine C'hetopoda, with numerous sete embedded in the parapodia, 
usually with distinct head, tentacles, cirri, and branchie. They are 
for the most part diecious, and develop with metamorphosis. 

The marine O’hetopoda must be considered as belonging to a 
higher grade of life; on account of the sharp distinetion of the head 
which is composed of the pr&stomium (pr&oral lobe) and oral 
segment (in the Amphinomide several succeeding segments are also 

included), and of the presence of the tentacles, tentacular eirri and 

* Audouin et Milne Edwards, “ Classification des Annelides et description 
des celles qui habitent les cötes de la France,” Anmales des Sc. Nat., Tom. 
XXVI. to XXX, 1832-38. Delle Chiaje, “ Descrizioni e notomia degli 
animali senza vertebre della Sieilia eiteriore,” Napoli, 1841. Quatrefages, 


“ Histoire naturelle des Annelös,’” Tom. I. and II., 1865. Also the numerous 
writings of E, Grube and E. Claparede, 
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gills, and also of the set embedded in prominent parapodia, which 
serve as aids to swimming. The internal organization, however, is 
in no way more complicated than that of the Oligocheta. Neverthe- 
less all these distinetive characters may be less and less marked, 
and, indeed, so completely vanish that it is difieult to draw a sharp 
line between the Oligocheta and the Polycheta. _ The parapodia 
(Capitellid®) and also the set® (Tomopteride) may be wanting. 

In rare cases, bundles of set are present on all the segments behind 
the head ; they are however arranged in a single row and embedded 
in a single pair of ventral retractile parapodia in each segment. 





Fıg. 304. — Head and anterior body segments of Nereis Dumerilii (after E. Claparede). O, 
Eyes; P, palps; Ct, tentacular cirri; X, pharyngeal jaws. 


This arrangement, which is found in Saccocirrus and its allies, pro- 
bably represents the primitive state, especially as in these animals the 


character of the nervous system, which lies in the eetoderm external 


to the dermal muscular envelope, and of the sense organs, which are 
reduced to two simple tentacles upon the cephalic lobe and to ciliated 
pits, indicates lower and more primitive conditions. 

In another and very remarkable type, Polygordius Schn. and 
Protodrilus Hatsch., not only parapodia and sete but also the 
external segmentation are wanting. The segmentation of this 
achz@tous and externally unsegmented worm is entirely confined 
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to the internal organization and is, as compared with that of all other 
Annelida, to a certain extent completely homonomovs, inasmuch as 
the &sophagus is confined to the cephalie segment and does not 
extend into the anterior segments of thebody. Further, the nervous 
system is connected with the ecetoderm along its whole length, and 
the cerebral ganglion maintains its primitive position at the anterior 
end, corresponding to the apical plate of the larva; and the ventral 
cord is without ganglionic swellings. In all the above points these 
forms seem to 
have preserved 
the primitive An- 
nelidan structure, 
and they have 
therefore been 
united by Hat- 
schek into aspecial 
class, the Archian- 
nelida. 

In the Poly- 
cheta the vascular 
system is compli- 
cated by the ap- 
pearance of bran- 
chixz, which are 
provided with 
blood-vessels. In 
the forms with 
dorsal branchie 
the branchial 
blood is derived 
from the dorsal 
trunk and re- 


Fıs. 305.—Terebella nebulosa, opened from the dorsal side (after turned to the ven- 
M.Edwards). 7, Tentacles; X, Branchi®; Dg, dorsal vessel or tral by speei al 


heart, 
vessels. When, 
on the other hand, as in the tubicolous capito-branchiate forms, the 
respiratory apparatus is concentrated on a few segments, the vascular 
system of that part undergoes greater modifications. In the Tere- 
bellide (fig. 305), the dorsal trunk dilates above the pharynx to a 
branchial heart from which lateral branches are given off to the 
branchi®. In the same region the transvers loeops connecting the 
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dorsal and ventral trunks may perform the function of hearts, as 
is also frequently the case in the Oligocheta. Finally the vascular 
system is in many cases considerably reduced, and, according to 
Claparede, is entirely wanting in @lycera and Capitella, in which the 
blood is represented by the perivisceral fluid. 

The generative organs, unlike those of the hermaphrodite Oliyo- 
cheta, are usually placed in different individuals; and the males and 
females are sometimes of very different forms. A number of herma- 
phrodite Polycheta are, however, known ; such principally belong to 
genera of the Serpulide, e.g., S'pirorbis, Protula. 

The development, unlike that of the Oligocheta, is invariably con- 
neted' with a b 
metamorphosis. 
Segmentation is, F 
asin the Hirudi- 
nea, usually un- 
equal, and even Pr 
the first two seg- 
mentation spheres 
are of unequal 
size. The smaller 
(animal) half, 
which segments 
more quickly, 
gives rise to 
smaller segments, 


a 
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and envelope the 4 306.--Larve ot Polychata (after Busch). a, Larva of Nereis 
larger segments F, tentacle; Oc, eyes; PrW, pr&oral circle of cilia: O, 
procee ding from Ans R; Bu b, Mesotrochal, larya of Chetopterus; Wp, 
the segmentation 
of the larger half. In the subsequent development a primitive streak 
makes its appearance in all embryos of Polycheta, sometimes, how- 
ever, not until the embryo has begun to lead a free life as larva. 
The ganglia become differentiated later into the ventral chain. 

In the free-swimming larve the cilia are rarely distributed over 
the whole surface of the body (Atrocha*). They are usually confined 


. to special rows (ciliated rings) ; sometimes, as in Loven’s larva, there 


is one row placed in front of the mouth at some distance from the 


* Compare E. Clapar&de and E. Metschnikoff, “ Beiträge zur Entwickelungs- 
geschichte der Chxtopoden,’’ Zeitschr. für wiss. Zool., Tom. XIX., 1569. 
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anterior end of the body (C’ephalotrocha, e.g., larva of Polyno£). 
Sometimes there are two rows, one at each end of the body, con- 
stituting a pr&oral and perianal ring (Telotrocha, 0.9., Spio-N ephthys- 
larva). In addition to these two rings of cilia, incomplete rings 
may also be present on the ventral surface (Gastrotrocha), or both 
ventrally and dorsally (Amphitrocha). In other cases one or mcre 
rows of cilia surround the middle of the body (Mesotrocha), while the 
terminal rings (preoral and perianal) are absent (Telepsavus-Chetop- 
terus larva) (fig. 306). Many larve are provided with long pro- 
visional sete, which are later replaced by the permanent structures 
(Metacheta). In spite of their great diversity of form the Chztopod 
larve can in their later development also be reduced to the type of 
the larva of Loven. 

Relatively few forms, as for instance the transparent Aleiopide, 
live at the surface (pelagie animals) ; most _ 
of them live near the coast. Numerous 
forms descend into the deep sea. Many 
have the power of emitting an intense 
light, especially species of the genus Che- 
topterus which emit light from their an- 
tenne and appendages. The elytra of 
Polynoe, the tentacles of Polycirrus, and 


mern 5 . . 
m MM the integument of certain Syllide, are 


also phosphorescent. Panceri* has shown 
Head with protruded jaw that the seat of the phosphorescence is 
open SE Mena in unicellular cutaneous glands, which, in 


from the dorsal surface (after 
M. Edwards). K, Jaws; F, Polymoe, were proved to be in communi- 





FıG. 307.—Nereis murgaritacea, 


tentacles; ?P, palps; Fe, ten- 


töonlar dicht cation with nerves. 


Sub-order 1. Errantia. Free-swim- 
ming, predacious Polycheta. The pr&stomium always remains in- 
dependent and forms, with the oral segment, a well-marked head 
which bears eyes, tentacles, and usually tentacular cirri. The 
parapodia are much more developed than in the 7ubicole, and, 
together with their very variously shaped set®, serve as oars. The 
anterior portion of the pharynx can be protruded as a proboseis 
and is divided into several portions; it is either beset with papillse 
or contains a powerful masticatory apparatus, which appears at its 
extremity when protruded (fig. 307). Branchie may be wanting; 
when present, they usually appear as comb-shaped or dendritie 


* Panceri, “La luce e gli organi Juminosi di aleuni annelidi,'” Atti della R, 
Acad, sciensz fi, e mat. di Napoli, 1875, 
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tubes on the parapodia (Dorsibranchiata). The Errantia are pre- 
datory in their habits (Rapacia) and swim freely in the sea; but 
they may also inhabit temporarily thin membranous tubes. 


Fam. Aphroditide. Broad scales (elytra) on the notopodia. These are 
usually placed on alternate segments, often only on the anterior part of the 
body. Prastomium, with eyes, with one unpaired and usually two lateral 
tentacles, to which may be added two stronger lateral ventrally placed tentacles 
(palps). Proboseis ceylindrical, protrusible, with two upper and two under 
jaws. Aphrodite aculeata Lin. (Hystrix marina Redi.) The back has a thick 
felt of hairs. Eyes sessile.. Numerous set on the neuropodia. Polynoe 
scnlopendrina Sav. Ocean and Mediterranean. 

Fam. Eunicid@. Body very long, composed of numerous segments. Prx&sto- 
mium with several tentacles. Parapodia usually uniramous, rarely biramous, 
usually wich ventral and dorsal cirri as well as branchie. One upper jaw 
composed of several pieces, and a lower consisting of two plates; both lie in 
a sac, the jaw-sack, on the dorsal surface of which runs the pharyngeal tube. 
Staurocephalus vittatus Gr., Halla (Lysidice) parthenopeia Delle Ch., Naples. 
Diopatra neapvlitana Delle Ch., Naples, Zunice Harassii Aud. Edw. 

Fam. Nereid@= Lycuride.* The elongated body is composed of numerous 
segments. The prestomium has two tentacles, two palps, and four eyes. The 
parapodia are either uni- or bi-ramous, and are furnished with dorsal and ventral 
eirri and with composite sete. Proboscis usually possesses spines, and always 
two jaws. Nereis Dumerilii Aud. Edw., French and English coasts, to which 
belongs Heteronereis fueicola Oerst. N. cultrifera Gr., Mediterranean X. 
Jucata Sav., North Sea. The form formerly distinguished as Heteronereis 
Oerst. differs fiom Nereis in the great size of the pr&stomium and of the eyes, 
also in the extraordinary development of the parapodia, and in the abnormal 
formation of the hinder end of the body. It belongs, however, to the same 
cycle of development as Nereis and Nereilepas. 

Fam. Glyceride. Body slender, composed of numerous ringed segments. 
The prestomium is conical and.ringed, with four small tentacles at its point 
and two palps at its base. The proboseis can be protruded to a great length, 
and is provided with four strong teeth. The hx&mal fluid, coloured by red 
corpuscles, is contained in the body cavity and the branchial sinuses. There 
is no special vascular system. @Glycera capitata Oeıst., North Sea. 

Fam. Syllide. Body elongated and flattened, head usually with three 
tentacles and two to four tentacular cirri. The protrusible proboscis consists 
of a short proboscis tube, a pharyngeal tube lined by stiff cuticular formations, 
and a portion characterised by annular rows of points. Sexual and asexual 
individuals, differing in form, are sometimes found in the same species. Many 
carry their eggs about with them until the young are hatched. Syllis vittata 
Gr., Mediterranean. Odontosyllis gibba Clap., Normandy, Autolytus prolifer 
0. Fr. Müll., asexual form. The male has been described as Polybostrichus 
Mülleri Kef., the female as sSacconereis helgolandica Müll. Spherodorum 
peripatus Gr., Mediterranean, P 

Fam. Alciopide (Aleiopea). With two large hemispherical projecting eyes. 
Ventral and dorsal eirri leaf-like. The proboseis is protrusible, the tube of 
the proboseis being thin walled and its terminal portion thick walled. At 

* Compare E. Grube, “ Die Familie der Lycorideen,” Jahresber, der Schlesis- 
chen Gesellschaft, 1873. 
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its aperture are two hook-shaped papille. The laryz are in part parasitie in the 
Cydippide. Alciopa Cantrainii Delle Ch., Naples, 

Fam. Tomopteride (Gymmocopa). Head well marked, two eyes, bifid 
prestomium, and four tentacles, of which two in many species are only present 
in the young. The mouth segment has two long tentacular eirri which are 
supported by a strong internal seta. The mouth is without proboscis and 
jaws. The segments are provided with large bi-lobed parapodia without setz. 
Tomopteris scolopendra Kef., Mediterranean. T. onisciformis Esch., northern 
seas, Heligoland. 

The genus Myzostoma F. S, Lkt., a small group of hermaphrodite worms 
whose affinitics are doubtful and disputed, may be placed here, They are 
small, disc-shaped animals, 
parasitic on Comatula. 
They posses a soft and 
ciliated skin, four pairs of 
laterally placed suckers on 
the ventral surface, and a 
protrusible proboseis fur- 
nished with papile at 
their anterior end, also a 
branched alimentary canal 
which opens at the posterior 
end of the body. On the 
sides of the body are five 
pairs of short parapodia, of 
which each one bearsa hook 
(with one to three supple- 
mentary hooks) as well as 
supporting setz. Asarule, 
double as many cirri or 
short wart-like protube- 
rances are found on the 
margin of the body. AM. 
glabrum, ceirriferum F. S. 
Lkt. 


Sub-order 2. Seden- 
taria = Tiubicole. * 
Fıs. 308.—Spirorbis Levis (after Claparöde). a, The With indistincetly sepa- 


animal removed from its tube, strongly magnified; ted ead 
d, tube; 7, tentacles; Bs, brood-pouch with oper- = h and short, 


culum; Dr, glands, Ov, ova; Oe, ®sophagus; M, usually not protrusible 
stomach; D, intestine, * » » 
proboseis, without jaws. 
The branchie may be entirely absent and in many cases are 
eonfined to the two or three anterior segments following the 
bead. In exceptional cases they are placed on the dorsal part 
of the middle of the body (Arenicolide). As a rule, however, 
they are represented by numerous filiform tentacles and ten- 


* EB, Claparede, “Recherches sur la structure des Annelides sedentaires,”” : 
Gene&ve, 1873. 
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tacular ceirri upon the head (Capitibranchiata), of which one or 
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more may bear an operculum at its apex to close the tube (fig. 
308). The parapodia are short, and are never used in swimming; 
the notopodia usually carry hair-like set; the neuropodia are trans- 
verse ridges with hooked set or plates. Eyes are very frequently 
absent;; in other cases they are present in pairs upon the head or on 
the terminal segment, sometimes even on the branchial tentacles; 
in the latter case they are very numerous. The body is often 
divided into two (thorax and abdomen) or three regions, the seg- 
ments of which are distinguished by their unequal size, The 
Tubieole live in more or less firm tubes which they construct for 
themselves, and feed on vegetable matter which they procure by 
means of their tentacular apparatus. In the construction of their 
tubes the animals are assisted in various ways by the long tentacles 
or branchial filaments of the head; thus, for example, the Sabellid« 
are said to accumulate fine ooze at the funnel-shaped base of the 
branchial apparatus by means of the cilia of their tentacles, to mix 
it with a cement secreted by large glands, and then to transfer it to 
the edge of the tube; while the Z'erebellide procure the grains of sand 
for the construction of their tubes by their long and very extensible 
tentacles. There are also boring Annelids, which pierce limestone 
and mussel shells, like the horny Molluscs ; e.g., Sabella sawicola, etc. 

The development is simplest when the mother possesses a kind:of 
brood-pouch for the development of the young, e.g., Spirorbis spirillum 
Pag., the eggs and larv of which remain within a dilatation of the 
opercular stalk until the young animals are able to construct a tube 
for themselves. The free-swimming larve of most 7’ubicole, on 
assuming the form of the worm, lose the ciliary apparatus, while 
tentacles and parapodia make their appearance. In this condition 


' and sometimes surrounded by delicate membranes, they swim about 


for some time longer, and, having lost their eyesand auditory vesicles, 
gradually assume the structure and mode of life of the sexual animal 
(Terebella). 


Fam. Saccocirride. With two tentacles on the pr&stomium, two eyes 
and the same number of ciliated pits. A single row of retractile parapodia, 
furnished with sirnple set, on either side of the segments of the body. Sacco- 
cirrus papillocereus Bobr., Black Sea and Mediterranean (Marseilles). 

Fam. Arenicolide. Pr&estomium small and without tentacles. The pro- 
boseis is beset with papille. There are branched gills on the median and 
posterior segments, The animals burrow in sand. Arenicola marina Lin. 
(A. piscatorum Lam.), North Sea and Mediterranean. 

Fam, Spionide (Spiodee). The small prestomium sometimes with tentacu- 
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lar processes, usually with small eyes. The oral segment mostly with two lone 
tentacular eirri, which are usually grooved. Cirriform branchiz are present. 
Polydora antennata Clap., Naples. Spio seticornis Fabr., north seas, 

Fam. Chstopteride. Body elongated and separated into several dissimilar 
regions. Usually two or four very long tentacular ceirri. Dorsal appendages 
of the middle segments have the shape of wings and are often lobei They 
live in parchment-like tubes. 7elepsavus Costarum Clap., Naples. Chetopterus 
pergamentaceus Cuv., West Indies. 

Fam. Terebellide. Body vermiform and thicker anteriorly. The thinner 
posterior portion is sometimes distincetly marked off as an appendage destitute 
ofsete. The pr&estomium is indistinctly separate from the mouth segment. 
There is frequently a lip above the mouth. Numerous filiform tentacles, usually 
arranged in two tufts. There are pectinate or branched, rarely filamentous, 
gills on a few of the anterior segments. Dorsal prominences (notopodia) fur- 
nished with simple set, and ventral transverse ridges (neuropodia) with hocked 
sete. ZTerebella conchilega Pall., English coast, Mediterranean. Ampharete 
@rubei Malmgr., Greenland and Spitzbergen. Pectinaria auricoma O. Fr. 
Müll, North Seas, Mediterranean. sSabellaria (Hermella) spinulosa BR. Lkt., 
Heligoland. 

Fam. Serpulide. Body usually distinetly divided into two regions (thorax, 
abdomen). Prastomium fused with the mouth segment, which as a rule is pro- 
vided with acollar. The mouth is situated between two semicircular or spirally 
coiled plates, from the anterior margin of which spring the branchial filaments. 
These have secondary filaments arranged in single or double rows, and may be 
supported by a cartilaginous skeleton, and have their bases connected by a 
membrane. Spirographis Spallanzanii, Naples. Sabella penieillus Lin., North 
Seas. S. Köllikeri Clap., Mediterranean. Protula Rudolphi Risso, Mediterra- 
nean. Filigrana implexa Berk., Norwegian and English coasts. Serpula ner- 
vegica Gunn., North Sea and Mediterranean. Spirorbis spirillum Lin., Ocean. 


Order 2.—OLIGOCHETA.* 


Hermaphrodite O'hetopoda without pharyngeal armature and para- 
podia. There are no tentacles, cirri, or branchie. The development 
is direct. 

The cephalie region is composed of the pr&stomium, which projects 
as an upper lip, and the mouth segment. It does not essentially 
differ from the following segments so as to form a special region (fig. 
309). Tentacles, palps, and tentacular eirri are never found on it, 
but tactile papille are present in great number, as are also peculiar 
sense organs which resemble taste buds. Eyes either fail or are 
present as simple pigment spots. Besides the small gland cells of the 

* Besides the works of W. Hoffmeister, D’Udekem, and others, compare : 
E. Claparede, “ Recherches anatomiques sur les Annelides, ete., observes dans 
les He&brides,” Geneve, 1860. E. Claparede, “ Recherches anatomiques sur les 
Oligochstes,'” Geneve, 1862, A, Kowalevski, “ Embryologische Studien an 
Würmern und Arthropoden (Zumbrieus, Buaxes),” Petersburg, 1861. B. 
Hatschek, “Studien über Entwicklungsgeschichte der Anneliden,” Wien, 


1878. Fr. Vejdovsky, “ Beiträge zur vergleichenden Morphologie der Anneliden. 
I. Monographie der Enchytraiden,” 1879. 





a n 


A OLIGOCHETA. 383 


hypodermis there is present in the clitellus a deeper glandular layer 
(Säulenschicht Clap.), which consists of finely granular cells embedded 
in a framework of pigmented and vascular connective tissue and 
situated between the hypodermis and the external muscular layer. 
There are but few set present, and they are never disposed on 
special parapodia, but always in simple pits in the integument, by 
the cells of which they are secreted. 
There are small secondary bristles 
which serve as a reserve. The blood 
is usually red, as in the Zirudinea. 

The alimentary canal is often divided 
into several regions, the relations of 
which are most complicated in the 
Laumbrieide. In Zumbrieus, the buccal 
cavity leads into a muscular pharynx, 
which is probably used for sucking. 
This is followed by a long &sophagus 
extending to the 13th segment, and 
furnished with a thick layer of glandular 
cells and several glandular dilated ap- 
pendages (calcareous sacs). The «so- 
phagus is succeeded by a crop, a 
museular gizzard, and finally by the 
intestine itself, the dorsal wall of which 
is pushed inwards so as to form a longi- 
tudinal fold, the typhlosole (comparable 
to a spiral valve). In the Zimicole 
the alimentary canal is simpler by the 
absencee of a muscular stomach; a 
pharynx and «&sophagus are, however, 
always present. 

Reproduction. — The Oligocheta are 
hermaphrodite; they lay their eggs 
either singly or united in greater num- 
ber in a capsule ; and they develop Fra. 309. —Zumbrieus rubellus (after 

e € G. Eisen). a, The whole worm; 
without a metamorphosis. The testes Cl, Clitellus. d, Anterior end of 
and ovaries are paired and placed in ee > mer taltBlda&, 
definite segments, usually near the an- 
terior end of the body; they dehisce their products into the body 
cavity. The generative duets possess funnel-shaped openings into the 





‚body cavity through which the generative products pass, and may 
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co-exist in the same segment with segmental organs (Lumbrieide). 
In the earth-worm, whose generative organs were first aceurately 
described by E. Hering, the female apparatus consists of two ovaries 
in the 13th segment,* and two oviducts, which begin with trumpet- 
shaped openings into the body cavity, contain several eggs in a dila- 
tation and open to the exterior on either side on the ventral surface 
of the 14th segment. There are in addition in the 9th and 10th 
segments two pairs of receptacula seminis, which open at the junetion 
of the 9th and 10th and 10th and 11th segment respectively. They 
are filled with sperm in copulation (fig. 310). 

The male genital 
organs consist of 
two pairs of testes 
in the 10th and 
llth segments, 
and two vasa defe- 
rentia, each of 
which opensinter- 
nally by two fun- 
nels and to the 
exterior in the 
15th segment. 
Copulation takes 
place in June and 
July on the sur- 
face of the earth 

x at night. The 
Fı@. 310.—Generative organs of Zumbrious in segments VIII. to E 

XV. (after E. Hering). 7, Testes; St, the two funnels of tie WOrMS apply their 

vas deferens on either side ; Yd, vas deferens; Ov,ovary; Od, ventral surfaces to 


oviduct; Ze, receptacula seminis. 5 } 
kn oneanotherandlie 


in opposite directions, in such a manner that the openings of there- 
ceptacula seminis of one worm are opposite the clitellus of the other. 
During copulation sperm flows out from the openings of the sperm 
duct and passes backwards in a longitudinal groove to the clitellus, 
and thence into the receptaculum seminis of the other worm,. In 
Tubifex and Enchytreus the ovaries may break up into groups of 
ova which float free in the body cavity. Special albumen glands 
and also glands which secrete the substance of the shell of the cocoon 
are often ‚present. In the breeding season the above-mentioned 


"u # une ee ET 


um 





* The head (prastomium and buccal region) being reckoned as the first / 
segment, 
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girdle or clitellus, which is formed of a thick glandular layer, is 
almost always present. 

The embryonie development of the Oligocheta presents many 
relations to that of the Zirudinea. The unequal segmentation, which 
is very much alike in the two groups, and the similarity in the 

| method of origin of the mesoderm, from two large cells near the 
blastopore at the posterior end of theembryo, point to a close relation- 
ship between these two groups of Annelids. 

A few Oligocheta, as for example Cketogaster, are parasitic on 
aquatic animals ; the rest of them live, some free in the earth, some 
in fresh water, and some in the sea. 

Sub-order 1. Terricole. Oligochsta which live prineipally in 
the earth. They have segmental organs in the genital segments. 


Without eyes. Tufts of vessels surround the segmental organs. Their activity 
in boring into the earth is of the greatest importance, loosening and exposing' 
the soil to the action of the weather. Zumbrieus L., Earthworm. Prastomium 
distinet from the mouth segment. The clitellus includes a series of segments, 
and is situated nearly at the end of the anterior quarter of the body far behind’ 
the genital openings. Sets elongated, hook-shaped, arranged in four groups in 
each segment, each group containing two set®. The earthworm lays its eggs- 
in capsules, into each of which several small ova, with sperm from the recep-- 
$ tacula seminis, are emptied ; as a rule, however, only one or but a few embryos- 
are developed. The developing embryo takes up with its large ciliated moutb 
j not onlythe common mass of albumen, but also the other eggs. ZL. ayricola 
Hoffm.=terrestris Lin., Z. fetidus Sav., L. americanus E. Perr. Criodrilus 
lacuum Hoffm. 


| 
Fam. Lumbricide. Large earthworms with compact skin and red blood.. 


Sub-order 2. Limicole. Oligochsta which live prineipally in 
water. Without segmental organs in the genital segments. / 


\ 


j Fam. Phreoryctide. Long filiform worms, with thick skin and two rows of 
slightly curved setz on each side. Phreoryctes Menkeanus Hoffm. Found in 
deep springsand wells ; they seem to feed on the roots of plants. 

Fam. Tubificide. Aquatic worms, provided with four rows of simple or 
divided, hooked set®. Hair-like set® may also be present. The receptacula 
are in the 9th, 10th, or 11th segment. They live in mud tubes, from which 
they protrude the posterior end of the body. Zubifex rivulorum Lam. The 
heart is in the 7th, the receptacula in the 9th segment. 7! Bonneti Clap. 
(Senuris variegata Hoffm.) The heart in the 8th, receptacula in the 10th 

1 segment ; both species live in fresh water. Limnodrilus Hoffmeisteri Olap., 

j L. D’Udekemianus Clap. Is distinguished from Zubifex by the absence of 
hair-like set® in the upper row of sete. Zumbrieulus variegatus O. Fr. Müll. 

Every segment is provided with a contractile vascular loop and saccular 
eontractile appendages of the dorsal vessel. 

j Fam. Naidee. Small Zimicol@ with delicate thin skin and clear, almost 
colourless, blood. The praestomium is often elongated like a proboseis and 

25 
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fused with the mouth segment. Nais (Stylaria) proboseidea O. Fr. Müll. 
N. pavasita Schm. Both species have a filifornm prestomium,. Chztogaster 
vermieularis O. Fr. Müll. 


Sub-class 2.—GEPHYREA.* 


Worms with cylindrical body, without external segmentation, with 
terminal or ventral mouth; with cerebral ganglion, esophageal ring 
and ventral cord. Sete are sometimes present. 

The @ephyrea possess an .elongated cylindrical body and live, as do 
the Holothuria, in sand and ooze in the sea. The characters which 
distinguish them as Annelids are the possession of an «sophageal 
ring connected with a cerebral ganglion and of a ventral cord par- 
tially surrounded by ganglion 
cells. The larve of the Che- 
tıfera present traces of seg- 
mentation (see below, p. 391), 
while in the Acheta the body 
cavity remains simple. Of sense 
organs, eye spots have been 
observed; these in certain 
Sipunculide lie direetly upon 
the brain ; there are also dermal 
papille, into which nerves 
enter. 

The structure of the integu- 
ment is similar to that of the 
Annelida; the thick upper 
cuticular layer rests upon a 
cellular matrix, and is not un- 
Fısc. 311.—Young Echiurus from the ventral frequently wrinkled. There is 

side (after Hatschek). 0, Mouth at the base no external segmentation. The 
of the proboscis; SC, osophageal commis. 3 > £ 

sure; BS, ventral cord; A, anus; H,hooks.. connective tissue dermis is of 

considerable thickness and en- 

eloses numerous glandular tubes, which open to the exterior by pores 

in the epidermis. Below this is the strongly developed dermal muscular 

tunie, which is regularly composed of an outer layer of eireular fibres 





* Quatrefages,‘‘ M&moire sur l’Echiure,” Ann. des Se. Nat., 3 Ser., Tom VII. 
Lacaze-Duthiers, “ Recherches sur le Bonellia,’” Ann. des Se. Nat., 1858. 
W. Keferstein, “ Beiträge zur anatomischen und systematischen Kenntniss der 
Sipuneuliden,” Zeitschr für miss. Zoologie, Tom XV. 1865. B. Hatschek, 
“ Deber Entwickelungsgeschichte des Echiurus,” ete. Wien, 1880. J. W, 
Spengel, ‘*Beiträge zur Kenntnis» der Gephyreen. I. Mittheil, aus der zoolo- 
gischen station zu Neapel, 1879; II. Zeitschr. fur wiss. Zool,, Tom XIV., 1881. 
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and an inner layer of longitudinal fibres. The latter are connected 
with the former and also amongst themselves by net-like anastomoses. 
These derımal muscles cause the folds of the cuticle. Internally to 
the longitudinal muscles there is another layer of eircular muscles. 
In the Ohetifera two hooked set® are present near the genital 
opening (fig. 311); these assist locomotion. There may also be 
present one or twe 
circles of sete at the 
posterior end of the 
body (Echiurus). 

In the C'hetifera 
(fig. 311), the ante- 
rior part of the body 
is elongated to form 
a kind of proboseis, 
which projects im- 
moyably and cor- 
responds to the 
preoral lobe (pr&- 
stomium) of the 
Annelida. The 
mouth is placed 
ventrally at the 
base of the probos- 
eis. In the Acheta 
(Sipuneulide) this 
proboseis is want- 
ing; the mouth is 
placed at the ex- 
tremity of the an- 
terior region of the 
body, which is sur- 
rounded with *eili- 
ated tentacles, and Fre. 312.—Sipuneulus nudus, laid open from the side (after W. 


Keferstein). Te, Tentacles; @G, cerebral ganglion ; VG, ven- 
can be retracted by tral nerve cord; D, intestine; A, anus; BD brown tubes 


means of retractor (ventral glands). 
muscles (fig. 312). 

Alimentary canal.--The mouth opens into a pharynx, which is 
sometimes furnished with teeth; this is followed by a eiliated intes- 
tinal eanal, which is usually longer than the body and disposed in 
eoils in the body cavity. The terminal portion of the intestine is 
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muscular and opens to the exterior by a terminal or dorsally placed 
anus (fig. 312). | 

The vascular system is probably in communication with the body 
cavity; it consists of a dorsal vessel, which, as in the Annelida, 
accompanies the alimentary canal, and of a ventral vessel running 
along the body wall. There are also branches on thealimentary canal 
and in the tentacles. The blood is either colourless or red, and moves 
in the same direction asin the Annelids, the current being maintained 
both by the contraction of certain parts of the vessels and by the 
cilia which line the walls of the vessels. The corpusculated fluid of 
the body cavity differs from this vascular blood. 

Excretory organs.— There are two sets of organs, both of which 
may be interpreted as segmental organs. One kind, the anal vesicles 
(fig. 314c, Ab), are only present in the O’hetifera ; they have the form 
of a pair of tufted tubes, which open, on the one hand, into the 
body cavity by numerous ciliated funnels and, on the other, into the 
reetum. The other kind,. known as the brown tubes (fig. 312, Bd) 
or ventral glands, are placed (one or more pairs) in the anterior part 
of the body ; they also open into the body cavity byaciliated funnel, 
and to the exterior on the ventral surface. The latter, like the seg- 
mental organs of Annelids, assume the function of seminal vesicles 
and of oviducts. 

Generative organs.— The Gephyrea are of separate sexes. There” 
are, however, remarkable variations both in the generative glands 
and their ducts. In Phascolosoma amongst the Acheta (according 
to Theel) the generative glands lie at the root of the ventral retractor 
muscles of the proboseis, and form a ridge from which the generative 
products are set free. Spermatozoa or ova in various stages of 
development are found in the body cavity, and thence are carried to 
the exterior through the two brown tubes (segmental organs) which 
open on the ventral side. 

In Bonellia among the Chetifera the ovary, which has the form of 
a thin cord (fold of the body wall) in the posterior half of the body, 
is attached by a short mesentery to the nerve cord. From the ovary 
the ova fall into the body cavity, and thence pass into the neigh- 
bouring single uterus (fig. 314, d, U), which is provided at its base 
with a trumpet-shaped opening (7) and opens to the exterior on 
the ventral surface behind the mouth. : This uterus ought probably 
to be considered morphologically as a segmental organ, which has 
only been developed on one side, The generative organs of the 
small Turbellarian-like males which are met with in the uterus of 
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the female of Bonellia have the same relations (fig. 313). These 
rudimentary males are furnished (in many species) with two ventral 
hooks, in front of which in the anterior region is placed the external 
opening of the vas deferens. The vas deferens corresponds to the 
uterus of the female, and is in like manner provided with an internal 
opening into the body cavity. In Zchiurus there are two pairs of 
brown tubes, which function as generative ducts and reservoirs. 
In Thalassema there are, according to Kowalevski, three pairs of 
such tubes. 

The development shows many points of 
similarity with that of the Annelida. Be- 
tween the Acheta and C'heetifera, however, 
there are considerable differences. In both 
cases a metamorphosis follows the embryonic 
development. The larve resemble Loven’s 
larva (larva of Polygordius); but in the 
Acheta they are characterised by a great de- 
generation of the apical region (prxoral lobe) 
and the absence of a pr&oral band of cilia. 

The remarkable larva known as Actino- 
trocha, which is the young stage of the 
tubicolous genus Phoronis,* is distinguished 
by the possession of a contractile pr&oral lobe, 
behind which there is a circle of eiliated ten- 
tacles forming a collar. 

The G@ephyrea are all marine. Some of 
them live in sand and ooze at considerable 
depths, also in holes in the rocks and in 
crevices between stones and corals, and in 
the shells of snails. Their food is similar to „,. 318. Planarian- like 


that of Holothurians and many tubicolous male of Bonellia (after 
B Spengel). D. Intestine ; 
Annelids. WT, ciliated funnel of the 
vas deferens (Yd), which 

Order 1.—ÜCHETIFERA = ECHIUROIDEA. is filled with sperm. 





Gephyrea characterised by the presence of two strong hooked set@ 
on the ventral side and by a terminal amus. The mouth is placed at 
the base of the preoral lobe, which is developed into a proboscis. 

The Echiuroides or chxtiferous Gephyrea present no external 
segmentation of their elongated and contractile body; they have, 
however, in the young state the rudiments of 15 metameres. This 


* There should be a third order of @epliyrea for these animals, 
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fact, as well as the formation of the pr&oral lobe and the develop- 
ment of the ventral hooked set®, points to a close relationship with 
the C’hetopoda. Im the adult animal, however, the internal segmen- 
tation is very little marked. The dissepiments, with the exception 
of the first, which forms a partition between the head and the body, 
are lost, and the segmentation of the ventral cord is only indicated 
by the distribution of the nerves. The supra-@sophageal ganglion 
remains at the apical region of the pr&oral lobe (proboseis) ; hence 
the &sor hageal commissures are extraordinarily long. 

The strongly developed pr&oral lobe forms a proboscis-like 


FıG.314.—a, female of Bonelliu viridis (after Lacaze-Duthiers). d, Integument and generative 
organs after the intestine has been removed. Hd, Cutaneous glands; 4, anal vesicle;; 
Ad, rectum ; Or, ovary; Tr, ciliated funnel of the uterus (U). ce, Anatomy of Bonellia 
viridis (after Lacaze-Duthiers). D,alimentary canal with anal vesicles (43) ; M, mesen- 
tery; U, uterus; , proboscis. 


appendage which may develop to a considerable length and become 
forked (Bonellia) (fig. 314 a). 

A pair of hooked set® (with reserve set in the sheath of each 
seta) are always present on the first segment of the body. In 
Eehiurus there are also one or two eireles of set® at the posterior 
end of the body. There are from one to three pairs of anterior 
segmental organs (so-called brown tubes or ventral glands), which 
open on the ventral surface and are used for the passage outwards 
of the generative products. Besides these there is also a pair of 
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posterior segmental organs (anal vesicles, fig. 314, AB) in the 
terminal segment, each of which has a number of peritoneal 
funnels and opens into the rectum. In Bonellia the segmental 
organ which performs the function of uterus is, like the ovary, 
single (fig. 314 5). 

Development.—The development of the ovum begins with an 
unequal segmentation. In Donellis the small cells of the animal 
pole grow round the four large yolk spheres, which give rise to the 
entoderm, leaving a small aperture, the blastepore (fig. 110). The 
Echiurus larve (fig. 315) are the most accurately known. They 
present the type of Loven’s larva and posscss a strongly developed 
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Fıg. 315.—a, Larva of Echiurus from the ventral side (after Hatschek). SP, apical plate; 
Prw, prsoral circle of cilia; Pow, postoral eirele of cilia; Kn, head-kidney ; Yg, ventral 
ganglionic cord connected with the apical plate by the long @sophageal commissures ; 
AS, anal vesicle, 5, Ventral region of the Echiurus larya with segmented mesodermal 
bands; SC, @esophageal commissure ; Dsp, dissepiments of the anterior body segments; 
MS, mesodermal bands ; A, anus. 


preoral ceircle of cilia (Prw), in addition to which there is also a 
delicate post-oral cirele of cilia (Pow). Early in larval life a seg- 
mental organ, the head kidney or pronephros (XN), is developed, 
one on either side; and behind it a pair of mesoblastic bands makes 
its appearance and gives rise in the subsequent development to the 
rudiments of 15 segments (fig. 315 b). In the terminal segment, 
which is surrounded by a circle of cilia, there appear segmental 
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organs, which give rise to the anal vesicles (fig. 315 a, 48). The 
rudiments both of the cerebral ganglion and of the ventral cord are 
derived from growths of the ectoderm,—the former from the apical 
plate, the latter as a paired thickening of the ventral ectoderm. The 
two are connected by the &sophageal ring, which is also provided 
with ganglion cells. In older stages, after the disappearance of the 
segments, the ciliary apparatus begins to degenerate and finally 
vanishes; after which two strong hooked set make their appear- 
ance at the sides of the nerve cord not far from the mouth, and 
two circles of shorter set are formed at 
the hind end of the body (fig. 316). 
The pr&oral lobe of the larva becomes 
the proboseis of the young Echiurus (hie. 
311). 

Fam. Echiuride, The anterior end of the 
body above the mouth is elongated into a pro- 
boscis, the under surface of which isgrooved. The 
long @&sophageal commissures lie in the pro- 
boscis, and meet in front without any cerebral 
enlargement. Anteriorly and on the ventral side 
are two set& for attachment, and on the poste- 
rior end of the body there are sometimes cireles 
of sete. The anus is terminal. Zehiurus Pal- 
lasii Guerin (Gaertneri Quatref., St. Vaast), 
coast of Belgium and England. Zhalassema 
gigas M. Müll., Italian coast. Bomellia viridis 
Rolando, Mediterranean. The males are small 
and rudimentary, and resemble Planarians. 


They live in the efferent ducts of the female 
generative organs. 











Order 2.—ACHETA=SIPUNCULOIDEA. 





Gephyrea with terminal mouth, dorsally 
Fıc. 316.—Older Echiurus larva B 
“son from the side, Thehend Placed amus, and without sete. The ante- 


kidney is atrophied. O, 


mouth; M, stomach; A, anus; 
BK, circles of set@; SO, oso- 
phageal commissure; 48, 
anal vesicles; G@, cerebral 
gamglion, developed from the 
apical plate; Pag, ventral 


rior region of the body is retractıle. 

The sSipunculoides differ from the 
chetiferous @ephyrea in their entire want 
of all traces of metamerie segmentation, 
in the degeneration of the pr®oral lobe 


nerve cord; H, ventral hooks. R % 
and in the position of the mouth and anus. 


The elongated body is destitute of a projecting preoral lobe, so that 
the mouth, which is frequently surrounded by a circle of tentacles, 
comes to be placed at the anterior end of the body. On the other 
hand, the anus is moved far forward on the dorsal surface (fig. 317). 
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known as brown tubes or ventral glands, 
is present. The blood vascular system is 
well developed. 

Development. —The segmentation is com- 
plete and is followed by the formation of a 
‚gastrula by invagination. The blastopore 
marks the ventral side. The two posterior 
marginal cells* of the entoderm move in- 
wards as primitive mesoderm cells, and give 
‚rise to the mesoblastic bands which do not 
‚undergo segmentation. Invaginations of the 
ectoderm of the animal pole and ventral sur- 
face of 
the em- 
bryo give 
rise to 
cepha- 
lie and 
ventral 
plates 
respec- 
tively, 
while the 
remain- 
der of 
the ecto- 
derm 
cells 
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"The cerebral ganglion, esophageal ring and ventral cord run inside 
the dermal muscular tunic. Only one pair of segmental organs, 





Fıs. 317.—Quite young Si- 
punculus still without ten- 
tacles (after B. Hatschek). 
O, mouth; A, anus; BS; 
ventral cord; IN, nephri- 
dium (brown tube); @, 
cerebral ganglion; .Bg, 
blood vessel. 


grow round these and form an 
external envelope for the embryo 
of the nature of a serous mem- 
brane (serosa). Cilia project from 
the latter through the pores of 
the vitelline membrane and are 


‘Fig. 318.—Larva of Sipuneulus (after Hats- employed by the embryo in 


chek). 0, Mouth ; Sp, apical plate; A, anus; 
PoW, postoral circle of cilia; N, kidney. 


swimming. 


The cephalic and ventral plates 
soon grow together. The mesodermal bands split into somatie and 
* Compare especially B. Hatschek. 
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splanchnie layers, and give rise to the rudiments of the two seg- 
mental organs ; while the @sophagus arises as an invagination of 
the ectoderm, and a postoral cirele of cilia is formed around ite 
opening (fig. 318). The serous membrane is cast off with the egg 
membrane, and the larva then contains all the essential organs of 
the adult Sipunculus except the ventral cord and the blood-vessels. 
At a later stage, during the growth of the larva, the ventral cord 
is developed from the ectoderm, the circle of cilia disappears, the first 
tentacles sprout out at the edge of the mouth, and the metamor- 
phosis of the free-swimming larva into the creeping young Sipun- 
culus is completed. 






Fam. Sipunculide. Body elongated and cylindrical, the anterior part re- 
tractile. The mouth is surrounded with tentacles, and the anus is dorsal. The 
intestine is coiled spirälly. Sipuneulus nudus L., Mediterranean. Phascolosoma 
l@ve Kef., Mediterranean. Ph. elongatum Kef. St. Vaast. 

Fam. Priapulide. Anterior part of the body without cirele of tentacles. 
Pharynx armed with papille and rows of teeth. Anus at the posterior end of 
the body and slightly dorsal, above it there usually projects a caudal appen- 
dage which bears papilla-like tubes (branchi@). The intestine is straight. 


Priapulus caudatus O. Fr. Müller. Zalieryptus spinulosus v. Sieb., Baltic, 
Spitzbergen. 


Sub-elass 3..—HIRUDINEA*= DiIscoPHORA, LEECHES. 


Body either with short rings or not ringed, without parapodia, with 
terminal ventral sucker, hermaphrodite. 

The body of the Hirudinea, so far as its external form is con- 
cerned, recallsthat of the Z’rematoda, with which group the Herudinea 
have often been incorreetly connected. 

Externally the body is marked by a number of transverse rings, 
which are short and may be more or less indistinet or even entirely 
absent. These rings correspond in no way with the internal segments, 
which are separated by transverse partitions or dissepiments ; but 
they constitute much shorter portions of the body, four or five of them 
corresponding to one internal segment. The large sucker at the 
posterior end of the body serves as an organ of adhesion; and there 
may be in addition a second smaller sucker, either in front of or 

* Brandt and Ratzeburg, “ Medicinische Zoologie,” 1829. Moquin-Tandon, 
“Monographie de la famille des Hirudinees,'’ 2nd. &dit., Paris, 1846. Fr. 
Leydig, ‘‘ Zur Anatomie von Piscicola geometrica,” Zeitschr. für wiss. Zool., Tom. 
I., 1849. H. Rathke. “ Beiträge zur Entwickelungsgeschichte des Hirudineen,” 
edited by R. Leuckart, Leipzig, 1862. R, Leuckart, “Parasiten des Menschen,’ 
Bd. IL, Leipzig, 1863. Van Benedenet Hesse, “ Recherches sur les Bdelloides ou 


Hirudindes et les Tr&matodes marins,” 1863. Robin, “ M&moire sur le developpe- 
ment embryog£nique des Hirudindes,” Paris, 1875. 
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few exceptions, are absent. A sharply distinet 
head is never developed, since the first rings are 
not essentially different from those following 
and are never furnished with tentacles or cirri. 
Alimentary canal.—The mouth is situated 
near the anterior end of the body, sometimes 
at the bottom of a small anterior sucker 
(Rhynchobdellide), sometimes at the base of a 
projecting spoon-shaped hood, which resembles 
a sucker (@nathobdellide) (fig. 319). The 
mouth leads into a muscular pharynx provided 
with glands. The anterior part of the pharynx, 
which may be distinguished as the buccal 
cavity,isarmed 
(@nathobdelli- 
de) with three 
serrated chiti- 
nous plates (fig. 
319, a, 5), or 
more rarely 
with a dorsal 
and ventral 
plate (Brancht- 
obdellide), or 
it is provided 
with a protru- 





Medicinal Leech. The three jaws are 
visible. 5, One of the jaws isolated 
with the finely serrated free edge. 


j 
I 319.—a Cephalic region of the 


‚sible proboseis, which lies free in its anterior part 
(Rhynchobdellide). The pharynx leads into a 
_ stomach, which forms a straight tube in the 
axis of the body and sometimes shows con- 
strietions, which correspond with the segments ; 
sometimes it is produced into a larger or smaller 
number of lateral ceca. From the stomach a 
‚son rectum, which is sometimes also provided 
ith ezeca, leads to the anus. The anus is placed 
t the posterior pole of the body, dorsal to the 
ker. 
Excretory organs.—Segmental organs are pre- 
we one pair to each segment in the middle 


egion of the body. Their number, however, 
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surrounding the mouth. There are no parapodia; and sct&, with a 





Fıc. 320.--Longitudinal 
section through the 
Medicinal Leech (after 
R. Leuckart). D, in- 
testinal canal; G, 
cerebral ganglion ; 
Gk, ganglionie chain; 
Ex, excretory canals 
or segmental organs 
(water .vascular sy8- 
tem). 
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varies very considerably, since, for instance, Branchiobdella astaci, 
parasitic on the gills of the eray-fish, has but two pairs, while the 
Gnathobdellide usually possess seventeen pairs. 
Unicellular glands are present in the Hirudinea in great numbers 
in the skin and in the deeper layers of the connective tissue. T) 
former secrete a finely granular mucous fluid, which covers the skin; 
while the more deeply situated glands, which lie beneath the dermal 
muscular tunic, secrete a clear viscid substance, which quickly 
hardens outside the body and is used 
to form the cocoons when the eggs 
are laid. These glands are espe- 
cially numerous in the region of the 
genital openings. 
A blood-vascular system is always 
present, but in different degrees of 
development. Portions of the body 
cavity are transformed into vessel- 
like trunks, and as a result of this 
organs which lie in the body cavity 
seem to be enclosed in blood sinuses, 
The two lateral vessels and the me 
dian blood sinus, which always en 
closes the ventral ganglionie cha 
and sometimes also the aliments 
canal (Olepsine, Piscicola), may be 
interpreted in this manner. | 
most of the Gnathobdellide the blood 
is red, the colour being due to 
fluid part of the blood and not 
the corpusecles. 
Special respiratory organs 
| wanting, excepting in Branchellion 
ea ea Te and some allied leeches, which pos 
ee Pi ze Sp,  sess leaf-Jike branchial re 
eu in 
cases is highly developed. 
cerebral ganglia are characterized by a peculiar arrangement of 
the nerve cells which give rise to swellings on the surface of the 
ganglia (described by Leydig as a follieular arrangement) (fig. 321) 





* Hermann, “ Das Centralnervensystem von Hirudo medicinalis,’” München 
1875. 
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This is also the case with the ganglia of the ventral cord, and 
especially with the sub-esophageal ganglia, on which there are often 
four longitudinal series of such ganglionie swellings, two median 
and ventral, and two lateral projeceting dorsally.. The two 
longitudinal trunks of the ventral ganglionie chain are invariably 
celosely approached to one another in the middle line, and 
their ganglia are connected together in pairs by transverse com- 
missures. In the Gnathobdellide two nerve trunks are given off to 
the right and left from each pair of ganglia, while from the brain 
and the last ganglion, which may be called the caudal ganglion and 
is formed of several ganglia fused together, a much greater number 
of nerves pass off. The nerves passing off from 
the brain supply the sense organs and the mus- 
cles and skin of the cephalie dise (anterior 
sucker); the nerves of. the ventral chain are 
distributed in their proper segments, and those 
of the terminal ganglion supply the ventral 
sucker. An unpaired median longitudinal cord 
 (Faivre, Leydig), which passes from ganglion 
_ to ganglion between the two halves of the ven. 
1 tral cord, most probably corresponds to the 
unpaired nerve which Newport discovered in 
 insects. A system of visceral nerves was dis- 
covered by Brandt. It consists of an intestinal 
_ nerve, which arises from the brain and runs 
_ close to and above the ganglionic chain and 
' sends branches to supply the caca of the in- 
_ testine. Three ganglia, which in the common Fı«. 322. — Generative 
| E: lie in front of the brain and send their 3pparatus ofthe Med- 


% 
4 
I 





r icinal Leech. T', Tes- 
nerve plexuses to the jaws and pharynx, are tis; Ya, vas deferens; 


e h : 3 $ n Dan Nh, epididymis; Pr, 
considered by Leydig as enlargements of cere ron 6 aim, 
bral nerves and very likely control the move- 0v,ovaries with vagina 

£ 2 re er and female genital 

_ ments which occur in swallowing. a 


Almost all leeches possess simple eyes on the 
_ dorsal surface of the anterior ring. In addition there are cup-shaped 
_ organs (in Hürudo medicinalis about sixty) on the cephalie rings. 
These probably give rise to a sense perception comparable to the 
_ sensation of taste. 
 Generative organs.—The Hirudines are hermaphrodite. As in 
‚ many marine Planaria, the openings of the male and female 
_ generative organs are placed one behind the other in the middle 
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line of the anterior region of the body. The male generative 
opening lies in front of the female and is usually provided with a 
protrusible eirrus. The testes lie in pairs in several successive 
segments and are usually present in considerable numbers (fig. 322). 
In Hirudo there are nine or ten pairs of testicular vesicles, which 
are connected with a sinuous vas deferens on either side. Each 
vas deferens is coiled in front to form a kind of epididymis (fig. 
322, NR) and is then prolonged into a muscular portion, the duetus 
ejaculatorius, which unites with that of the other side to form an 
unpaired copulatory apparatus. This is in connection with a well- 
developed prostatie gland (Pr), and can be protruded either as a 
two-horned sac (Rhyncobdellide) or as a long filament (Gnathob- 
dellide). ‘Ihe female generative apparatus consists either of two 
long tubular ovaries with a common opening to the exterior 
(Rhyncobdellide), or of two short 
saccular ovaries, two oviducts, a 
common duct surrounded byanal- 
bumin gland, and a dilated vagina 
with the genital opening (Gnathob- 
dellid@) (fig. 323). Im copulation 
a spermatophore passes out of the 
male genital organs, and is either 
received into the vagina of the 
other animal or at least becomes 
attached within the generative 
opening. In any case the fertili- 
VıG. 323.—a, Cocoon, b, female genera- zation of the ovum takes place with- 
tive apparatus of Hirudo medieinalis jn the body of the mother. The egg 
(after R. Leuckart). R s < 

is Jaid soon-after. For this purpose 

the animals seek suitable places on stones or plants, or leave the water 
and, as Hirudo medicinalis, burrow in damp earth. At this period 
the genital rings are swollen out into the form of a saddle, partly by 
the turgescence of the generative organs and partly by the great 
development of the cutaneous glands, the secretion of which is of 
sperial importance to the fate of the eggs which are about to be 
laid. When the eggs are about to be laid, the leech attaches itself 
firmly by its ventral sucker and, twisting itself about, envelops the 
anterior part of its body with a viscid mass, which covers especially 
the genital rings like a girdle and gradually hardens to form a 
firmer membrane. A number of small eggs and a considerable 
amantity of albuminous matter then pass out, and the animal with- 
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draws its anterior end from this barrel-shaped membrane, which is 
now filled and which, after the animal has left it, becomes in 
consequence of the narrowing of the terminal openings a tolerably 
completely elosed cocoon. The number of eggs contained in a cocoon 
varies but is never large. The eggs are small, yet the young 
leeches when hatched are of considerable size, those of the Hürudo 
medicinalis, for example, are about 17 mm. long, and, excepting 
the fact that they are not sexually mature, have essentially the 
organization of the adult animal. The young of Clepsine alone are 
hatched at a very early stage, and differ essentially from the sexual 
animal both as regards the shape of the body and the internal 
organisation. They have a simple intestine, are without the 
posterior sucker, and live a long time attached to the ventral 
surface of the mother; and it is not until they have received a 
considerable quantity of newly secreted albuminous matter that 
they obtain an organization which fits them to lead a free life. 

The development of the embyro of COlepsine among the Rhyncob- 
| dellide and Nephelis and Hirudo amongst the @nathobdellide is better 
_ known. Thesegmentation isalways unequal. The mouth is formed 
_ early, and through it, after the formation of the pharynx and intes- 
_ tinal canal, the albumen contained in the cocoon is taken into the 
_ intestine of the growing embryo by means of swallowing movements 
of the pharynx. 

The Leeches live for the most part in water or temporarily in 
. damp earth. They move partly by “looping” with the help of 
"their suckers, and partly by swimming with active undulations of 
the usually flattened body. Many of them are parasitie on the skin 
or the gills of aquatic animals, e.g., on fishesand thecray-fish ; most 
of them, however, are only occasional parasites on the outer skin of 
warm-blooded animals. Certain forms are predaceous and, as for 
xample Aulastomum gulo, eat snails and earthworms, or, like (’lepsine, 
uck snails. They do not feed exclusively on any special genus of 
imals, and their diet is not always the same in the different periods 
their existence. Hirudo medicinalis in its young stage lives on 
he blood of insects, then on that of frogs, and only when it has 
ttained sexual maturity is a diet of warm blood necessary to it. 








} 


Fam. Rhyncobdellide. Leeches with proboseis. Body elongated, cylindrical, 

T broad and flat ; with an anterior and posterior sucker, and a powerful pro- 

sible proboseis inthe buccal cavity ; with paired eyes on the anterior sucker. 

\ Organs concerned in the formation of blood corpuscles occur (so-called valves) 

the dorsal contractile vessel. Piseicola Blainv.(Ichthyobdellide). P. geometra 

L, on fresh water fish. P. respirans Tr., with lateral vesicles which dilate as 
; 
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the blood enters, Pontobdella muricata L.,on Rays. Branchellion torpedinis 
Sav., Clepsine Sav., (Olepsinide), Cl. bioculata Sav., Cl. complanata Sav., Cl, 
marginata O. Fr. Müll. Hamentaria mezicana de Fil., H. oflieinalis de Fil., 
both in the Lagunes of Mexico, the latter used for medicinal purposes. H. 
@hilanii de Fil., in the river Amazon. 
Fam. Gnathobdellide. Leeches with jaws. Pharynx armed with three fre- 
quently serrated jaws, and folded longitudinally. In front of the mouth there 
is a ringed, spoon-shaped process, which forms a kind of oral sucker. The 
cocoon hasa spongy shell. ZirudoL. Usually with 95 distinet rings, of which 
four are upon the spoon-shaped upper lip. The three anterior rings, the fifth 
. and the eighth, bear the five pairsofeyes. The male genital opening lies between 
the-24th and 2öth, the female between the 29th and 30th rings. The three 
jaws are finely serrated and can be moved like a circular saw in a manner 
well adapted to infliet a wound, which readily heals, in the external skin 
of man. Thestomach has eleven pairs of lateral c:eca, of which the last pair is 
very long. The cocoons are deposited in damp earth. 7. medieinalis L.,. with 
the variety distinguished as oficinalis, possesses 80 to 90 fine teeth on the free 
edge of the jaws ard attains a length of about six inches. They were 
formerly common in Germany and are still frequently to be found in Hungary 
and France. They are cultivated in special ponds and take three years 
to attain sexual maturity. Z@mopsis.voraw Moq. Tand, the horse-leech. 
30 coarse teeth on the edge of the jaws, which enable it to infliet wounds on 
soft mucous membranes. The horse-leech is indigenous in Europe, and espe- 
cially North Africa. It attaches itself to the interior of the pharynx of horses, 
cattle and men. Aulastomum gulo Moq. Tand. Also known as the horse- 
leech, feeds on Mollusca. Nephelis Sav., N. vulgaris Mogq. Tand. 
Fam. Branchiobdellide. The body in the extended condition is nearly 
cylindrical and is composed of few unequally ringed segments. There is a 
bilobed cephalic lobe without eyes, with a well-developed sucker at the posterior 
end of the body. Pharynx without proboseis, with two flat jaws lying one 
above the other. Branchiobdella parasita Henle, B. astaci Odier. 


CLASS IV.—ROTATORIA *=ROTIFERA. 


With a retractile ciliated apparatus at the anterior end of the body, 
with cerebral ganglion and exeretory canals ; without heart or true 
vascular system. The sexes are separate. 

The Rotifera ave Worms which can be derived from Loven’s larva 
and have nothing to do with the Arthropoda, since they are without 
limbs and do not develop metameres. The body of the Kotifera is 
certainly externally segmented and divided into more or less sharply 


* Eihrenberg, “ Die Infusionsthierchen als vollkommene Organismen,” Leipzig, 
1838. Dujardin, “ Histoire naturelle des Infusoires,” Paris, 1841. Dalrymple, 
Phil. Trans. Roy, Soe.1844. Fr. Leydig, “ Ueber den Bau und die systematische 
Stellung der Räderthiere,” Zeitschr. für wiss. Zool., Bd. VI., 1854, F. Cohn, 
“ Ueber Räderthiere,” Zeitschr. für miss. Zool., Bd. VII., 1856, Bd. IX., 1858, 
Bd. XII., 1862. Gosse, “ On the Structure, Functions and Homologies of th 
Manducatory Organs of the class Rotifera,” Phil. Trans., 1856. W, Salensk 
“ Beiträge zur Entwickelungsgeschichte des Brachionus urceolaris,” Zeitschr. 
für wiss. Zool,, Tom. XXII., 1872. 
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defined and very dissimilar regions, but the internal organs show no 
trace of any corresponding segmentation. There is therefore no true 
segmentation, £.e., division of the body into metameres. Itis usually 
possible to distinguish an anterior region of the body, in which the 
whole of the viscera are situated, and a posterior movable foot-like 
region, which terminates in two opposed pincer-like styles and is 
used both in locomotion and for attachment. The broad anterior 
portion of the body, as well as the narrow posterior region, is often 
divided by transverse constrietions into several rings, which can be 
drawn into one another like the rings of a telescope and can be bent 
more or less freely 
upon one another. 
The anterior ceili- 
ated and usually re- 
tractile apparatus AL AN 
which projects at the ER WIN | I la 
anterior end, and is WP - ER 
termed the trochal 
disc, or from its like- 
ness to a rotating 
wheel, the wheel or- 
gan, is an important 
characteristice of the 
Rotifera. Very fre- 
quently, especially in 
the parasitic forms, 
this trochal disc is re- 
duced, and in certain 
cases entirely aborted 


(Apsilus). In Notom- Fra 324.—-Hydatina senta (after F. Cohn). a, Female; b, 

. male. Wpr, Trochal disc; CBl; contractile vesicle; Wtr, 
mata tardig rada the ciliated funnel of the excretory apparatus (Ex); K, jaws; 
trochaldise is reduced Dr, salvary glands; Md, stomach, Oo, ovary; 7, testis; 


to a small ciliated 7 Ps 

lip round the mouth; in Yydatina (fig. 324) to the margin of the 
head, the whole circumference of which is ciliated. In other 
cases the ciliated edge projects over the head and forms the so- 
called double wheel, e.g., Philodina, Brachionus, or becomes a 
ciliated cephalie shield, e.g., Megalotrocha, Z’ubicolaria. Finally, it 
may be produced into ciliated processes of various form (Floscularia, 
Stephamoceros). As a rule, the cilia form a continuous border, 


starting from the mouth and returning toit. The cilia are chiefly 
26 
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concerned in locomotion, but in addition they play an important part 
in attraeting small particles of food. There is also a second row of 
delicate vibratile cilia, extending on either side from the dorsal edge 
of the trochal dise to the mouth [parts of the continuous border of 
eilia just mentioned as starting from the mouth], which is placed on 
the ventral side of the trochal disc. These cilia serve to guide the 
small food partieles which are captured by the trochal dise into the 
mouth. 

Alimentary canal.— The mouth leads into a dilated pharynx (fig. 
324), provided with a special armature. The parts of the armature 
are in continual movement, and serve for mastication. Following 
the pharynx there isa short «sophageal tube; this leads into the 
digestive sac, which is lined with large ciliated cells. The anterior or 
gastrie part of this cavity is wide, and receives two large glandular 
tubes, which may sometimes be resolved into unicellular glands. 
They may be explained from their function as salivary or pancreatie 
glands. The posterior narrow intestinal part usually opens into a 
eloacal chamber, which is likewise ciliated and opens on the dorsal 
surface at the point where the foot-like posterior region joins the 
anterior part of the body. In some ARotifera, as for example Asco- 
morpha, Asplanchna, the intestine ends hlindly. 

A blood-vascular system is always wanting, and the body cavity 
is filled with a clear vascular fluid. The structures, erroneously 
described by Ehrenberg as vessels, are in reality the transversely 
striped muscles and muscular networks beneath the integument. 

Respiration is carried on by the general surface of the body; 
special organs of respiration are wanting. 

Excretory organs.—T'he so-called respiratory canals are exceretory, 
and correspond to segmental organs. They consist of two sinuous 
longitudinal canals with cellular walls and with fluid contents, and 
they communicate with the body cavity by eiliated funnel-shaped 
openings placed at the end of short ciliated lateral branches (vibratile 
organs). They open into the cloaca either directly or by means of a 
contractile vesicle (respiratory vesicle). 

- The nervous system is allied to that of the Platyhelminthes. The 
central part of it consists of a simple or bi-lobed cerebral ganglion 
placed above the &sophagus, and giving off nerves to peculiar cuta- 
neous sense organs and to the muscles. Eyes are often present, and 
lie upon the brain either as an x-shaped unpaired pigment body or as 
paiıel pigment spots provided with refractile spheres. The above- 
mentioned cutaneous sense organs, which are probably tactile, have 
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the form of prominences bsset with hairs and sets, or even of tubular | 
elongated processes of the skin (respiratory organs of the neck), 
beneath which the sensory nerves end in ganglionie swellings. 

Generative organs.—The sexes are separate, and are distinguished 
by a strongly marked dimorphism. The very small males have 
neither eesophagus nor intestinal canal, which are reduced to a string- 
like rudiment; and they leave the egg completely developed. Their 
generative organs are reduced to a testicular sac filled with 
spermatozoa, the muscular duct of which opens at the hinder end 
of the body, sometimes on a papilliform protuberance. The generative 
organs of the females, which are far larger than the males, consist of 
a roundish ovary filled with developing ova, and of a short oviduct 
which contains one or but few ripe ova, and usually opens into the 
cloaca. Almest all Kotifera are oviparous; and their eggs are 
distinguishable into thin-shelled summer eggs and thick-shelled 
winter eggs. They carıy both kinds of eggs about on their body, 
but the summer eggs not unfrequently undergo their embryonie 
development in the oviduct. T'he summer eggs probably develop 
parthogenetically, since at the season of the year when they appear 
the males are not to be found. The thick-shelled winter eggs, 
which are often dark coloured, are produced in the autumn and 
fertilized. 

Development.—As far as the embryonie development is known, it 
shows a great agreement with that of many @asteropoda (Calyptrea). 
The ova undergo an irregular segmentation. The cells proceeding 
from the smaller segmentation spheres become accumulated at one 
pole, and finally enclose the darker coloured yolk cells completely, so 
that a two-layered embryo is formed. The cells of the outer layer 
are much poorer in granules than are those of the central entoderm 
layer, and form the ectoderm. A. depression of the ectoderm is 
formed on the (later) ventral surface, from the side walls of which 
the two lobes of the trochal dise grow out (like the oral lobes of 
molluse embrycs). The hinder portion of the depression becomes 
the posterior part of the body, at the base of which a pit forming 
the first rudiment of the cloaca makes its appearance. The mouth 
and the anterior part of the alimentary canal are developed anteriorly 
at the bottom of the depression. The ganglion arises from the 
ectoderm in the cephalic region. There are no reliable observations 
on the formation of the mesoblast. In the male embryo the 
development takes a different course, the alimentary canal not being 
completely developed. The free development takes place either 
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without or with an inconsiderable and sometimes retrogressive 
metamorphosis. This latter is most striking in the Flosoularide, 
which are fixed in the adult state. 

The Rotifera prineipally inhabit fresh water, in which they swim 
about by means of the trochal disc, and sometimes they attach them- 
selves to foreign objects by means of the forked glandular foot. 
When thus attached, they extend the anterior part of the body, 
and the cilia begin to move. The currents set up by the latter 
convey to the mouth food material, such as small Infusoria, Alg, 
Diatoms. Some species live in gelatinous sheaths and delicate tubes, 
others (Conochilus) are fixed by their foot in a common gelatinous 
mass, and are united to form a free-swimming colony. A relatively 
small number are parasitic. It seems that many species are able to 
endure drying, if it be not too prolonged. 






Fam. Floscularide. Fixed ZRotifera with a long transversely ringed foot, 
usually surrounded by gelatinous coverings and tubes. The margin of the 
head has a lobed or deeply cleft wheel-organ. Floscularia proboscidea Ehrbg., 
Stephanoceros Eichhornii Ehrbg., Tubieolaria najas Ehrbg., Melicerta ringens 
L., Conoehilus volvow, Ehrbg. 

Fam. Philodinide. Free, often creeping (in a looping manner) Rotifera ; 
with double-wheeled rotatory organ, and jointed, telescopically retractile foot, 
without gelatinous investment. (Callidina elegans Ehrbg., Rotifer vulgaris 
Oken (R. redivivus Cuv.), Philodina erythrophthalma Ehrbg. 

Fam. Brachionid®e. ARotifera with bifid or multifid wheel-organ ; with 
broad, shield-shaped armoured body ; and foot ringed, or with short segments, 
Brachionus Bakeri O. Fr. Müll., 2. militaris Ehrbg., Euchlanis triquetra 
Ehrbg. 

Fam. Hydatinide. Edge of wheel-organ prolonged into numerous processes 
(multifid) or only sinuous; skin delicate, often ringed ; foot short, usually 
forked, with two set or pincer-shaped. Hydatina Ehrbg., H. senta O, Fr, 
Müi. with Znteroplea hydatin® Ehrbg., as male. Notommata tardigrada 
Ldg., N. Brachionus Ehrbg., N. parasita Ehrbg. 

Fam. Asplanchnid®e. The sac-like unarmoured body is destitute of rectum 
and anus. Asplanehna Sieboldii Ldg., A. myrmeleo Ehrbg., Ascomorpha 
germanica Ldg. 

Two groups of small animals are allied to the Rotifera :—(1) the 
Echinoderids which Dujardin and Greef regarded as connecting links between 
Vermes and Arthropoda (Echinoderes Dujardinii Clap., E, setigera Greef) ; 
and (2) the Gastrotricha * or Ichthydina (C’Aetonotus). 

*Compare E. Metschnikoff, “ Ueber einige wenig bekannte niedere Thier- 


formen,” Zeitschr. für miss. Zool,, Tom. XV., 1865. Also the works of 
H. Ludwig and O. Bütschli, 
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CHAPTER X, 
ARTHROPODA. 


Laterally symmetrical animals with heteronomously segmented body 
and jointed segmental appendages,; with brain (suprawsophageal 
ganglia) and ventral nerve cord (ganglionie chain). 

The most important characteristic which distinguishes the Arthro- 
poda from the closely allied segmented worms, and is an essential 
condition of a higher organization and grade of life, is the possession 
of jointed segmental appendages which serve as organs of locomotion. 
In place of the unjointed parapodia of the Chetopoda, jointed 
appendages more adapted for locomotion and confined to the ventral 
surface, are present. Every segment may possess a ventral pair of 
appendages which, in the simplest case, are short and consist of only 
a few joints (Peripatus) (fig. 325). While in the Annelida loco- 





FıG. 325.—Perıpatus capensis (after Moseley). 


motion is effected by the movements of the segments and undulatory 
movements of the whole body, in the Arihropoda the function of 
locomotion is removed from the chief axis of the body to the 
secondary axes, i.e., to the paired appendages, with the result of the 
possibility of a much more eflic’eat discharge of the function. The 
appendages enable the Arthropoda not only to swim and creep with 
much greater ease and speed, but also to execute various kinds of 
more complicated movement, e.g., running, climbing, springing, and 
flying. The Arthropoda are, therefore, true terrestrial and a&rial 
animals. 

The high development of the organs of locomotion as paired 
appendages leads of necessity to a second essential property, viz., to 
the heteronomy of the segmentation, and in connection with this to the 
hardening of the outer layer of the skin to form a firm exo-skeleton. 
If the function of the limbs is to be perfectly discharged, there will 
be need of a considerable mass of muscle, the points of attachment 
of which can only be furnished by the integument of the body. 
The insertions of the appendages and their muscles, therefore, require 
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rigid surfaces, which are obtained partly by the development of 
internal chitinous tendons and plates, and partly by the hardening 
of the integument and the fusion of several segments to form 
larger armoured regions. It is only when the movements are 
simpler and resemble those of Annclids, that all the segments 
remain independent and bear similar appendages along the whole 
length of the body 
(larve, Myriapoda). 
In general, three 
regions of the body 
can be distinguished, 
the head, the thoraz, 
and the abdomen, the 
appendages of which 
Fıc, 326.—Head, thorax and abdomen of an Aeridiu SE RER N E 
Eaencı the side. St, Stigmata; 7, tympanum. m different structure 
andfunction(fig.326). 


The head constitutes the short and compact anterior region of the 
body, is covered by a hard integument, encloses the brain and bears 
the sense organs and mouth-parts (jaws). The appendages of this 
region are modified to forın the antenne and jaws. The head of 
Arthropods, as compared with that of Annelids, contains, besides the 
frontal (praecral) or antennal segment and the oral segment, in 








Fıs. 327.—Squilla mantis. 4, 4" Antenne; Kf), Kf” the anterior maxillipeds on the 
cephalo-thorax ; B’, B”, B", the thıee pairs of biramous feet. 

addition at least one jaw segment, the appendages of which may, in 

larval life (Nauplius), still function as legs. Usually, however, 

several of the succeeding segments whose appendages function as 

jaws form part of the head. 

The middle portion of the body, or thorax, is likewise distinguished 
by a relatively intimate fusion of some or all of its segments, as well 
as by the hardness of its integument. It is sometimes sharply 
marked off from the head, sometimes fused with the head to form a 
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region of the body called the cephalothoraw (fig. 327). The thorax 
bears the appendages which are of most importance in locomotion. 

The posterior portion of the body, or abdomen, is composed of 
distinetly separate rings, and is, as a rule, without appendages. 
When the latter are present, they serve partly as aids to locomotion 
(abdominal feet), partly for respiration, or for carrying the eggs and 
for copulation. More rarely, as for example in the scorpions, the 
abdomen is divided into a broad anterior region, the preabdomen, 
and a narrow movable posterior region, the postabdomen. 

The skin, as in the Annelida, consists of two different layers,—an 
external firm, usually homogeneous chitinous layer, and an internal 
soft layer, which is composed of polygonal cells (matrix, hypodermis) 
and secretes in layers the at first soft chitinous cuticle (fig. 22). 
The latter usually becomes hardened by the deposition of calcareous 
salts in the chitinous. basis, so as to form the firm exoskeletal 
armour, which, however, is interrupted between each segment by 
thin connecting membranes. The various cuticular appendages of 
the skin (fig. 22, «a, b, c), which may have the form of simple or 
pennate hairs, of filaments, sets, spines and hooks, originate as 
processes and outgrowths of the cellular matrix. The chitinous 
euticle together with its appendages is from time to time, principally 
in the young stage during the period of growth, renewed, the old 
euticle being cast off as a continuous membrane (ecdysis, or moult). 

The muscular system never constitutes a continuous envelope, 
but the muscles are usually broken up into segments which corre- 
spond with the segmentation of the animal. The muscles of the 
body are arranged in longitudinal and transverse bundles in the 
different segments, and are frequently interrupted. There are in 
addition large groups of muscles, which move the appendages.. The 
museular fibres are always cross-striped. 

The internal organization is allied to that of the Annelida, but 
does not present such a well-marked internal segmentation. 

The nervous system consists of brain, @esophageal commissures 
and a ventral cord. The latter usually has the form of a ganglionie 
chain (fig. 328), and is placed beneath the alimentary canal. Some- 
times, however, it exhibits great concentration, and may have the 
form of an unsegmented ganglionie mass beneath the «sophagus. 
The segmentation of the ventral ganglionie chain presents in details 
the greatest variations; in general, however, it corresponds to the 
heteronomous segmentation of the animal, in that in the larger 
regions of the body, which have arisen by fusion of several segments, 
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au approximation or fusion of the corresponding ganglia has taken 
place. In one case only, viz., in the Pentastomide, which in form 
and grade of life resemble the intestinal worms, the dorsal part of 
the «sophageal commissure is not swollen out to form a cerebral 
ganglion, and the central parts of the nervous system are com- 
pressed together into a common gangli- 
onic mass beneath the ®sophagus. In 
all other cases the brain is a large gangli- 
onic mass lying above the «sophagus 
and connected by means of the @sophageal 
ring with the anterior ganglion of the 
ventral chain, which is usually placed in 
the head and is known as the subeso- 
phageal ganglion (fig. 328). The sense 
nerves arise from the brain, while the 
ganglia of the ventral chain send nerves 
to the muscles, organs of locomotion and 
the body covering. 

Visceral nervous system.—In addition 
to the brain and ventral ganglionie chain, 
which are comparable to the cerebro-spinal 
system of Vertebrata, we can distinguish 
in the larger and more highly organised 
Arthropoda a wvisceral nervous system 
(sympathetic), which consists of special 
ganglia and plexuses connected with the 
other system and specially distributed to 
the alimentary canal. In the higher Ar- 
thropoda, paired and unpaired visceral 
nerves are very generally present, both 
/ \ of which have their origin in the brain. 

| Sense organs.— Eyes are most generally 
Fıo. 328._Nervons system of distributed, and are only absent in a few 

Be en ae parasitie forms. In their simplest form 

ganglion; G, brain ; Sg, sub- they are paired or unpaired strüctures 

ae elie mein; 9 0 placed upon the brain, provided with re- 

chain in the thorax and fractive bodies, and with or without a 

Ba simple lens (stemmata, or simple eyes). 
The compound eyes, which are always paired, are much more 
complicated. They are distinguished by the presence of nervous 
rods and cerystalline cones, and may be divided into faceted eyes 











ALIMENTARY CANAL, EXORETORY ORGANS,. 409 


and eyes with smooth cornea (Oladocera). The former possess 
numerous lenses, and are sometimes placed on movable stalks 
(Decapoda). Occasionally accessory eyes are found on other parts 
of the body, on the jaws and between the legs of the abdomen 
(Euphausia). 

Auditory organs are found most frequently in the Crustacea as 
auditory vesicles with otoliths in the basal joint of the anterior 
antenn®, or rarely in the appendage of the abdomen known as the 
fan (tail of Mysis). In /nsecta, auditory organs of a very different 
structure have been discovered. 

Olfactory organs are also widely distributed. They are situated 
on the surface of the antenn&, and consist of delicate tubes or 
peculiar conical projections, beneath which the sense nerves end in 
ganglionie swellings. 

Tactile organs. The antenne and palps of the oral appendages 
and the ends of the limbs have a tactile function. These parts are 
provided with peculiar hairs and set, beneath which nerves end in 
ganglionic swellings. 

Alimentary canal.—An independent digestive apparatus is always 
present, but its structure and degree of development are very 
various. The alimentary canal is only exceptionally degenerated 
and absent (Ahizocephala). The mouth is placed on the ventral 
surface of the head. It is furnished with a projecting upper lip, 
and usually with paired appendages, which are used either for 
masticating or for piercing and sucking. A narrow or wide 
cesophagus leads into the intestine, which either simply traverses the 
axis of the body or is disposed in several coils. The «esophagus and 
midgut (chyle stomach) may even be divided into several regions, 
and may possess salivary glands and hepatic appendages of various 
size. 

Excretory organs.—Urinary organs are widely distributed. In 
the simplest form they appear as cells on the surface of the intestine 
(lower Crustacea), in a more highly developed state as tubular 
filiform diverticula of the hindgut (Malpighian tubes) (fig. 329). In 
the Crustacea, glands are present in the shell (shell glands) and in 
the base of the posterior antenne; they are regarded as the 
morphological equivalents of segmental organs. 

The cireulatory and respiratory organs present the greatest 
differences in the various groups of the Arthropoda. In the 
simplest case the clear, more rarely coloured blood fluid, which is 
often corpusculated, fills the body cavity and the interstices of all 
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the organs, and is circulated in an irregular manner by the move- 
ments of the different parts of thebody. Not unfrequently (Achtheres 
and C'yclops) the eireulation is effected by the regularly repeated 
movements of certain organs (intestine, vibratile plates, ete.); in 
other cases, a short saceular heart is present dorsally above. the 
intestine ; or a long vascular tube (the dorsal vessel), divided into 
chambers, serves as a propelling organ. From this, vessels (arteries) 
may arise, which conduct the blood in 
definite directions. Vessels for returning 
the blood (veins) may also be present. 
These either begin in the body cavity, 
or are connected with the ends of the 
arteries by capillary vessels. The vascular 
system seems never to be completely 
closed, since even when the circulation is 
most complete, lacunar spaces of the body 
cavity are found inserted in the course 
of the vessels. 

Respiration is very frequently effected, 
especially in the smaller and more deli- 
cate species of Arthropoda, by means of 
the entire surface of the body. In the 
larger aquatic forms, the function of respi- 
ration is assumed by special tubular, 
usually branched appendages of the limbs 
(branchi@); while in the air-breathing 
Insects, Centipedes, Scorpions, and Spiders, 
respiration is performed by means of in- 
ternal branched tubes filled with air 
(trache@x) or by pulmonary sacs (jan 
Fıe, 329. -Alimentary canal of Wachen): ; 

öntik Trassiae (Erseanee The reproduction of the Arihropoda is 
an Proboseis(Maxille); usually sexual, but sometimes takes place 

p, salivary glands; Oe, asmr ‘> 

phagus; S, sucking stomach; Ly the development of unfertilized ova 

1 A tubes; Ad, (parthenogenesis). Ovaries and testes are in 

their origin paired, as are also the gene- 

rative ducts, which often have a common terminal portion and 
open by a median generative aperture (Insecta, Arachnoidea). With 
a few exceptions (Oirripedia, Tardigrada), the sexes are separate. 
Males and females frequently differ essentially in their entire form 
and organization. In rare cases, for example in the parasitic 
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Crustacea, there is such a marked sexual dimoıphism that the males 
remain small and dwarfed, and are attached like parasites to the 
body of the female. During the act of copulation, which is often 
limited to the external union of the two sexes, the spermatophores 
are fastened to the female genital segment or thrust into the vagina 
by the organ of copulation, whence they sometimes pass into a 
special receptaculum seminis. Most Arthropoda are oviparous, but 
in almost every group there are viviparous forms. The eggs are 
frequently carried about by the mother, or deposited in protected 
places where food may easily be obtained. The embryonic development 
(ü.e., development within the egg) is characterised, except in the case 
of the small stout embryos of the C'yclopide, Pentastomide and 
Acarina, by the presence of a ventrally placed primitive streak, from 
which especially the ganglionie chain and the ventral parts of the 
segments proceed. The more or less complex embryonic development 
is usually followed by a complicated metamorphosis, during which 
the young form as larva undergoes several ecdyses. Numerous seg- 
ments and parts present inthe adult are not unfrequently wanting in 
the just-hatched larva; in other cases, all the segments of the adult 
are indeed present, but are not as yet fused together to form regions. 
In such cases, the larv® resemble the Annelida in their homonomous 
segmentation, and in their locomotion and mode of life. The meta- 
morphosis may however be retrogressive ; the larv® are hatched with 
sense organs and appendages, but in the further course of develop- 
ment they become parasitic, lose their eyes and organs of locomotion, 
and develop into strange unsegmented (Zerne«) or entozoon-like 
(Pentastomide) forms. 

The Arthropoda are no exception to the general rule that the 
aquatic forms which breathe by gills are lower and, from a genetie 
point of view, older than the air-breathing members of the same 
group, inasmuch as the Dranchiata or Crustacea are the older, the 
Tracheata the younger types. 


CLASS I. CRUSTACEA.* 


Aquatie Arthropoda, which breathe by means of gills.. They have 
two pairs of antenne; numerous paired legs on the thorax, amd 
usually also on the abdomen. 

* Milne Edwards, “ Histoire naturelle des Crustacds,” 3 vol. and atlas, 1838- 


1840. C. Claus, ‘“ Untersuchungen zur Erforschung der genealogischen Grund- 
lage des Crustaceensy stems,” Wien, 1876, 
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The Orustacea, whose name is derived from the body-eovering 
(which is often hardened), are principally aquatie animals. Some 
forms, however, can live on land, and possess respiratory organs 
adapted for breathing air. An important character of the group 
is the great number of paired appendages. The appendages of all 
the segments, even those of the head, may be used in locomotion 
(fig. 330). Asa rule, the head fuses with the thorax, or at any rate 
with one or more of the thoracic segments, to form a cephalothoraz ; 
which is followed by the remaining free thoracie segments. Some- 
times, however, these two regions of the body remain distinet. The 
head and thorax are seldom so sharply marked off from one another 
as, for example, in the Insecta: usually certain appendages, the 
so-called maxillipeds, occupy an intermediate position between legs 
and jaws, and being placed at the boundary between the two 
regions may be rec- 
koned either as be- 
longing to the head 
or the thorax. The 
fusion of the seg- 
ments may be very 
extensive; not only 
may the head and 
thorax be united, 
but the boundary be- 
Fıa. 330.—Gammarus neglectus (after G. O, Sars). 4’, A”, tween thorax and 


The two antenne; Xf, maxilliped; 7 F’, firsttoseveenth abdomen may vanish, 
thoracic feet; Sf, anterior swimming feet. 





and the segmentation 
may even disappear. As a general rule, the form of the body 
presents extraordinary differences in the various groups. A redupli- 
cature of the skin arching over the thorax and covering the body as 
a shell is frequently present. This fold of the integument constitutes, 
in extreme cases, a mantle-like investment, which may develop 
calcareous plates and occasion a certain resemblance to Lamelli- 
branchs (Oirripedia). In other cases the body has quite lost its 
segmentation, and the animal resembles a worm (Zernee, Sacculina). 
On the head there are usually two pairs of antenn®, which 
function as sense organs and sometimes also as organs of locomotion 
or of prehension. There is a pair of large jaws (the mandibles), one 
on each side of the mouth, over which a small plate, known as the 
upper lip, often projects. The mandibles are simple but very rigid 
and hard masticating plates, which are usually toothed and correspond 
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morphologically to the coxal joint of a limb, the following joints 
developing into a palp-like appendage (mandibular palp). Then 
follow one or more pairs of weaker jaws (maxille), and one or 
more pairs of maxillipeds, which more or less resemble the legs 
and, in parasitie forms, are often used for adhering (fig. 331). In 
parasitic forms, the upper and under lips not unfrequently give rise 
to a suctorial proboseis, in which the styliform mandibles are placed. 
The appendages of the thorax, of which at least three pairs are 
present (Ostracoda), present an extremely various structure, in 
accordancee with the 
mode of life and the 
use made of them. 
They are either broad 
leaf-shaped swimming 
feet (Phyllopoda), or bi- 
ramous appendages 
(Copepoda);, they may 
serve to produce eurrents 
in the water like the 
feet of the Cirripedia, 
or they may be used for 
crawling, walking, and 
running (/sopoda, Deca- 
poda). In the latter 
case, some of them end 
with hooks or chel. 
Finally the appendages 
of the abdomen, which 
frequently itself moves 





. - 3 Fıs. 331.—Young stage (larva) of the Lobster (after G. 
in toto and assists in O. Sars). a, The lurva seen from the side; R, ros- 


loeomotion, are either trum; 4, 4”, antenne; Xf’’ third maxilliped ; 
. ö F, anterior ambulatory leg. d, mandible with palp; 
exelusively locomotory c. anterior maxilla with two blades and palp; d, pos- 


aa jümping or ewim arena. 
ming feet (Amphipoda), 
in which case they usually differ from the appendages of the thorax ; 
or they serve with their appendages for respiration, as well as for 
carrying the eggs, and for copulation (Decapoda). 

The internal organization is not less varied than is the external 
form. 

In the lower forms, the nervous system often consists of a 
ganglionie mass, which surrounds the «sophagus and is nob further 
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segmented. This ganglionie mass corresponds to the brain and 
ventral cord and gives off all the nerves. In the higher Crustacea, 
a distinet brain and ventral ganglionie chain, which is usually 
elongated and of very varied form, as well as a rich plexus of 
visceral nerves and ganglia of the sympathetie system are always 
present. 

Of sense organs, eyes are the most widely distributed. They 
may have the form either of simple eyes (paired or unpaired), or 
compound eyes with smooth or faceted cornea; in the latter case 
they are often placed on moyable stalks, which are attached to the 
lateral regions of the head. Auditory organs are also present usually 
in the basal joint of the anterior antenna, rarely in the caudal plate 
at the posterior end of the body (Mysis). The delicate hairs and 
filaments of the anterior antenna are probably olfactory organs. 

The digestive canal is, as a rule, straight, extending from the 
mouth to the anus at the posterior end of the body. In the higher 
forms the esophagus is usually dilated in front of the mesenteron 
(midgut) into a stomach or crop, which is armed with chitinous 
plates. The mesenteron is provided with simple or ramified 
hepatie exca. 

Exeretory organs.—The so-called shell glands of the lower 
Orustacea are regarded as urinary organs, as are also the glands 
opening at the base of the posterior antenna in the Malacostraca. 
In the Zntomostraca the latter are only preserved during larval life. 
Short tubes, which correspond to the Malpighian tubes of the 
Tracheata, may also be present on the rectum (Amphipoda). 

The eirculatory organs present every possible degree of perfeetion, 
from the greatest simplieity to the highest complication of an 
almost closed system of arterial and venous vessels.. The blood is 
usually colourles:, but is sometimes green or even red, and as a 
rule contains cellular blood corpuscles. 

Respiratory organs are either entirely wanting, or are repre- 
‚sented by branchial tubes on the thoracie or abdominal appendages. 
In the first case they are often contained in a special branchial 
cavity at the sides of the cephalothorax. 

Generative organs.— With the exception of the hermaphrodite 
Cirripedia and Isopoda, all Orustacea are of separate sexes. The male 
and female generative organs usually open on the boundary of the 
thorax and abdomen, either on the last or the antepenultimate 
thoracie ring, or on the first abdominal segment, The two sexes 
are very often distinguished by a zumber of external characteristics. 
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The males are smaller, sometimes even dwarfed, and then attached 
to the females like parasites. They almost always possess appa- 
ratuses for holding the females and for transferring the spermato- 
phores during copulation. The larger females, on the other hand, 
frequently carry the eggs about with them in sacs, the membranes 
of which are secreted by the so-called cement glands. 

Development takes place either directly or by metamorphosis. 
The metamorphosis is sometimes retrogressive. When the develop- 
ment is direct, the young animals, on leaving the egg, already have 
the body form of the adult. The larva known as the Nauplius 
(fig. 332) is of great importance as a point of departure, This 
larva possesses an oval body, on the ventral side of which are present 
three pairs of appendages for the sense of taste, the prehension of 
food, and for locomotion. These appendages correspond to the two 
pairs of antenne and mandibles respectively. Parthenogenesis is 
said to occur in certain groups (P’hyllo- 
poda). 

Almost all Crustacea are carnivorous. 
Some of them suck the juices of living 
animals on which they are parasitie. 

For tbe systematice review of this 
heterogeneous group, it is convenient to 
divide the numerous orders into two 
series. 





1. The small simply organized COrus- 


Fıe. 832.—Nauplius larva of 


tacea, the number and form of whose Balanus, seen from the side. 

da, . . be 4' First appendage (first an- 
appendages is very various, wi e in- anna) Klltsscondapnehdage 
cluded as Entomostraca (OÖ. Fr. Müller). (second antenna) ; Maf, third 


appendage (mandible); Ob, 
upper ip; D, intestine. 


To this group belong the orders Phyllo- 
poda, Ostracoda, Copepoda, and Cirripedra. 

2. The higher O'rustzcea, characterised by a definite number of 
segments and appendages, may be grouped together as Malacostraca 
(Aristotle). In this group are included the orders of Arthrostraca 
(Amphipoda and Isopoda), and Thoracostraca (C’umacea Stomatopoda, 
Schizopoda, and Decapoda). 

In addition there is the genus Nebalia, which has been hitherto 
erroneously placed with the Phyllogoda, but which is to be regarded’ 
as the representative of an ancient group connecting the Phyllopoda 
with the Malacostraca, and may be opposed to the latter as Lept- 
ostraca. 

Finally, in addition to these chief divisions, there is » numler 
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of Crustacean orders, for the most part fossil and belonging to the 
oldest formations, which present in their development no certain 
trace of the Nauplius form so characteristie of the true Crustacea, 
and are in all probability related to the Arachnoidea. "These orders, 
which may be grouped together as the Gigantostraca, are the 
Merostomata and Xiphosura, to which the Zrilobita are possibly allied. 


1.—ENTOMOSTRACA. 
Order 1.—PHYLLOPoODA.* 


Orustacea with elongated and often distinctly segmented body ; 
usually with a flat, shield-like carapace, or laterally compressed bivalve 
shell, formed by a reduplicature of the skin. There are, at least, four 
paürs of leaf-like lobed swimming feet. 

The animals belonging to this order differ very considerably in 
form and size, in the number of their segments and appendages, as 
well as in their internal structure. They all, however, agree in 
the structure of their lobed, leaf-like feet. In their form, internal 
organization and development they appear to be the most primitive 
of Crustacea, and may be regarded as the least modified descendants 
of ancient types. 

The body is either eylindrical, elongated and clearly segmented, 
without free reduplicature of the skin, e.g. Branchipus (fig. 333), 
or it may be covered by a broad and flattened shield, which only 
allows the posterior part of the body to project uncovered, e.g. Apus. 
In other cases the body is laterally compressed and is enelosed by a 
bivalve shell, from which the anterior part of the head projects 
(Oladocera) ; or finally the laterally compressed body is completely 
covered by a bivalve shell (Zstheride). Sometimes the head is 
more sharply distinet, while the thorax and abdomen are not so 
elearly distinguishable from each other. As a rule, the posterior 
. segments only are without appendages.. The hind end of the 
abdomen is very often curved ventralwards and forwards, and 
bears two rows of posteriorly direeted claws, the two last of which 
arise at the point of the caudal appendage, and are by far the 

* Besides the works of O, Fr. Müller, Jurine, M. Edwards, Dana, compare 
Zaddach, “ De Apodis cancriformis anatome et historia evolutionis,” Bonn, 


1841. BE. Grube, “ Bemerkungen über die Phyilopoden,” Archiv für Naturgeseh, 
1853 and 1855. Fr. Leydig, “ Monographie der Daphniden,” Tübingen, 1860. 
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strongest. In other cases a pair of fin-like appendages are present 
constituting the caudal fork (Branchipus). 

Appendages.—On the head there are two pairs of antenn&, which 
however, in the adult animal, may be rudimentary or peculiarly 
modified. The anterior antenn® are small, and bear the delicate 
olfactory hairs. The posterior antenns® frequently have the form 
of large biramous swimming appendages, but in the male may also 
have a prehensile function, 
2.9., Branchipus. In other 
cases (Apus) they are rudi- 
mentary and may even be 
enirely absent. 

Two large mandibles are 
always present beneath 
the well developed upper 
lip; they possess a toothed, 
biting edge, and in the 
fully developed condition 
are invariably destitute of 
palps. The mandibles are 
followed by one or two 
pairs of slightly developed 
maxille. A kind of under- 
lip is in many cases present, 
in the form of two promi- 
nencesbehind themandibles 

The legs, which are placed 
on the thorax, are usually 
very numerous, and are 
smaller towards the poste- 
rior end of the body. They 
are lobed, leaf-like, bira- 
mous structures, and func- 





FıG. 333.—Male of Branchipus stagnalis, Rg, Heart 
or dorsal vessel with a pair of slit-like openings 


tion as swimmin g feet : in each segment; D, intestine; M, mandible; Sd, 
De. RN - shell gland; Br, branchial appendages of the 
they also assist in proeuring eleven pairs of legs; T, testis. 


food. They consist of the 

following parts: a short basal portion, which is usually provided with 
a masticatory process and is followed by a long foliaceous stem with 
setze on its inner edge ; this is continued into the multilobed internal 
branch [endopodite] of the biramous limb, while it bears on its outer 
side the external ramus [exopodite] with marginal setze, and nearer 
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its base a vesicular branchial appendage, The anterior, or even all 
the legs (Zeptodora) may have the form of prehensile feet, and 
be destitute of branchial appendages. 

The Phyllopods possess a large pair of eyes, which are sometimes 
fused together in the median line. In addition a small median 
simple eye (Entomostracan eye) may persist. They have a saceular 
‚or chambered heart, which controls the regular ceirenlation. Coiled 
.exeretory organs, known as shell glands, are sometimes present; 
they open to the exterior by a special aperture on the posterior 
maxilla. The funetion of respiration is performed by the entire 
surface of the body, the area of which is much increased by the 
reduplicature of the skin forming the carapace; also by the folia- 
ceous swimming feet, and especially by the surface of the branchial 
appendages. i 

Reproduction. — The Phyllopoda are of separate sexes. The males 
are distinguished from the females by the structure of the first 
pair of antenne which are larger and more richly provided with 
olfactory hairs, and also by their anterior swimming feet which 
are armed with prehensile hooks. Im general the males are less fre- 
quently met with than are the females, and, as a rule, onlyat definite 
seasons of the year. The females of the smaller Phyllopoda (Clado- 
cera) are able to produce eggs without copulation and fertilization ; 
and these eggs, the so-called summer eggs, develop spontaneously and 
produce generations containing no males. In certain genera of the 
Branchiopoda, e.g., Artemia and Apus, parthenogenesis is the rule; 
the males, indeed, have only been known a few years. The females 
usually carry the eggs about with them on special appendages, or in 
a brood pouch beneath the shell on the dorsal surface. The just 
hatched young either possess the form of the sexually mature animal 
(Oladocera), or undergo a complicated metamorphosis, leaving the egg 
membranes as a nauplius larva with three pairs of appendages (Bran- 
chiopoda). 

A few of the Phyllopoda live in the sea, the greater number 
inhabit stagnant freshwater ; some of them are found in brine pools, 

Sub-order 1. Branchiopoda.* P’hyllopoda, with clearly seg- 
mented body, often enclosed in a flat, shield-shaped, or laterally 
compressed bivalved shell, with from ten to about thirty or more 
pairs of foliaceous swimming feet. 


* Schäffer, “ Der krebsartige Kieferfuss,” ete. Regensburg, 1756. A. Kozu- 
bowski, “ Ueber den männlichen Apus cancriformis,” Archiv für Naturgeseh, 
Tom XXIIL, 1857. C. Claus, “ Zur Kenntniss des Baues und der Entwickelung 
von Branchipus und Apus,” ete,, Göttingen, 1873, 
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The alimentary canal is provided with two lateral hepatie appen- 
dages, which are, as a rule, branched and racemose and ‘only excep- 
tionally short and simple. The heart appears as an extended dorsal 
vessel with numerous paired lateral slits, and may extend throughout 
the whole length of the thorax and abdomen (Branchipus). The 
genital organs, which are always paired, are placed by the side 
of the alimentary canal, and open at the boundary between the 
thorax and abdomen. In the females the genital openings are small 
slits; in the male there may be protrusible copulatory organs at the 
openings (Dranchipus). k 

The males are distinguished from the females principally by the 
fact that the anterior, or two anterior pairs of legs, are armed with 
hooks (#stheride), or by the modification of the posterior antenne 
to form a prehensile apparatus (Branchipus). Bemarkable is the 
rare oceurrence of the males; they seem only to appear under certain 
conditions and in definite generations, which alternate with parthe- 
nogenetie generations. The eggs during development are generally 
protected within the body of the mother, and are carried about either 
in a saceular brood-pouch of the abdomen or between the valves of 
the shell on filiform (#stheria, Branchipus), or in vesieular (Apus) 
appendages of different pairs of legs (9th to 11th). The eggs, so far 
as is known, undergo a complete segmentation. When hatched, the 
young animal has the form of a Nauplius larva witlı three pairs 
of appendages, of which the anterior (which become the anterior 
antenne) are in the Estheride only represented by slightly de- 
veloped setigerous prominences.. On the other hand, in Apus the 
third pair is small and rudimentary. 

Almost all the Branchiopoda belong to inland waters, and prin- 
eipally inhabit shallow fresh-water pools. When the latter dry up, 
the eggs, preserved in dry mud, remain capable of development. 
Some species, as Artemia salina, are found in brine pools. 

Branchipus piscifosmis Schäft = B. stagnalis L., without a shell, found in 
the lakes of Germany, together with Apus caneriformis. B.diaphanus Prev., 
France. Artemia salina L., in salt pools, near Trieste, Montpellier. They 
sometimes lay eggs with a hard shell, sometimes they are viviparous. Apus 
cancriformis Schäff, with shield-shaped shell, Germany. The males, which are 
rare, can be recognized by the normal formation of the eleventh pair of appen- 
dages. They live in puddles and fresh-water lakes, together with Zranchipus. 
Estheria eycladoides Joly L., with perfect shell. 

Sub-order 2. Cladocera.* Water-fleas. Small laterally com- 


* Besides the works already quoted, compare H, BE. Strauss, “ M&moire sur les 
Daphına de la classe des Crustacds,” Mem, du Mus. d’hist nat., Tom V. and 
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pressed Phyllopoda, whose body, with the exception of the head, 
which projects freely, is usually enelosed in a bivalve shell. They 
have two large antenn«, which are used in swimming, and four to 
six pairs of swimming feet, 

The Cladocera are small simply organized Phyllopods, whose 
resemblance to the larvs of,the shelled Branchiopoda, particularly to 
the larva of Zstheria with its six pairs of legs, gives the best indiea- 
tion of the probable origin of the group. Unlike the anterior 
antenn®, which are short, the posterior are modified to form 
biramous swimming appendages beset with numerous long setz. 
The four to six pairs of legs are not always foliaceous swimming 
feet, but in many cases have the form of cylindrical ambulatory 
or prehensile appendages. The abdomen, which is ventrally flexed, 
develops on its dorsal side several prominences, which serve to 
close the brood pouch. It usually consists of three free segments, 
as well as the terminal anal portion, which is beset with rows of 
hooks. The anal portion begins with two dorsal tactile sete and 
ends with two hooks or styles, representing the caudal fork 
(tig. 334). 

The internal organization is simple in correspondence with the 
small size of the body. The compound eyes fuse together in the 
middle line to form a large, continually trembling, frontal eye, be- 
neath which the unpaired simple eye usually remains. A special 
sense apparatus, whose funetion is not quite clear, appears in the 
region of the neck, in the form of an aggregation of ganglion 
cells. 

The heart has the form of an oval sae, with two transverse lateral 
venous ostia and an anterior arterial opening. Its pulsations are 
rhythmie, and succeed one another quickly. In spite of the want of 
arteriesand veins, the eirculation of the blood, which contains amaboid 
cells, is completed in definite tracts marked out by lacun® and spaces 
in the body. The looped and coiled shell gland is always present. 
The cervical gland, which tunetions as an organ of attachment, is less 
widely distributed. The'sexual glands lie in the thorax as paired 
VI, 1319 and 1820, Leydig, “ Naturgeschichte der Daphniden,” Tübingen, 
1860. P. E. Müller, “Bidrag til Cladocerernes Fortplantings historie,” 
Kjöbenhayn, 1868. G. O. Sars, “ Om en dimorph Udvikling samt Generations— 
vexel hos Leptodora,” Vidensk. Selsk. Forh.. 1873. A Weismann, “ Beiträge 
zur Kenntiss der Daphnoiden,” I—IV., Leipzig, 1876 and 1877. C. Claus, “ Zur 
Kenntiss der Organisation und des feineren Baues der Daphniden, Zeit. f. miss. 
zool., Tom XXVII, 1876. C. Clvus, “ Zur Kenntniss des Baues und der Organi- 
saton der Polyphemiden,” Wien, 1877. C. Grobben, “ Die Embryonalentwick- 


elung von Moina rectirostris,’' Arbeiten aus dem zool, vergl. anatom. Institut. 
lI Band, Wien, 1879, 
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tubes by the side of the alimentary canal. In the ovaries groups 
of four cells are separated ; one cell of each group becomes an ovum, 
while the rest are employed as nutritive cells for the nourishment of 
the ovum, which increases in size and absorbs fat globules. The ovary 
is direetly continuous with the oviduct, which opens dorsally beneath 
the shell into the brood-pouch. The testes, like the ovaries, lie at 
the sides of the intestine and are continuous with the vasa deferentia, 





Fıe. 334.—Daphnia. 0, Heart—the slit-like opening of one side is visible; D, alimentary 
canal; Z, hepatic diverticulum ; A, anus; G@, cerebral ganglion ; O, eye; Sd, shell gland ; 
Br, brood-pouch beneath the dorsal reduplicature of the shell. 


which open to the exterior ventrally behind the last pair of appen- 
dages or at the extreme end of the body, the openings being some- 
times situated on small slightly protrusible prominences. 

The smaller males usuallyappear in the autumn ; they may, however, 
also be present at any other time of the year, and, as recent investi- 
gations have proved in a tolerably satisfactory manner, always when 
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the conditions of life and nourishment are unfavourable. Before 
the appearance of the males, hermaphrodite forms * sometimes make 
their appearance with an organization which is half male and half 
female. 

At the season when males are not present, normally in the spring 
and summer, the females produce the so-called summer eggs, which 
contain a large quantity of oil globules and are surrounded by a 
delicate vitelline membrane. They develop rapidly within the brood- 
pouch between the shell and the dorsal surface of the mother, and 
after the space of only a few days give rise to a fresh generation of 
young Cladocera, which escape from the brood-pouch. The embryonic 
development takes place accordingly under extremely favourable 
conditions, which depend upon the rich supply of food yolk in the 
large eggs, and are sometimes favoured by the secretion of additional 
food material within the brood-pouch. 

At the season when the males appear, the females, under the like 
influence of unfavourable nourishment and independently of copu- 
lation, begin to produce so-called winter eggs, which are incapable of 
developing without fertilization. The number of these hard-shelled 
winter eggs is always relatively small. They are, therefore, distin- 
guished from the summer eggs by their larger size and the greater 
quantity of food yolk; and their origin in the ovary is accompanied 
by much more extensive processes of absorption. 

The Daphmide live for the most part in fresh water. Certain 
species inhabit deep inland lakes, brackish water, and the sea. They 
swim quickly, and usually with a jumping movement. Some of them 
attach themselves to solid surrounding objeets by means of a dorsally 
placed organ of attachment, the cervical gland. When the body 
is thus fixed, the swimming feet seem to be able by their vibrations 
to set up ceurrents in which small food partieles are swept towards 
the animal. 


Sida erystallina O. Fr. Müller. The six pairs of lamellar legs beset with 
longswimming sete. The rami of the svimming antenn& two- to three-jointed. 
Daphnia pulew De Geer. D. sima Liev. Five pairs of legs, of which the 
anterior are more or less adapted for prehension. One ramus of the swimming 
antennx is three-jointed, the other four-jointed. Polyphemus pediculus De 
Geer. Inthe lakes of Switzerland, Austria, and Scandinavia. Zradne Nordmanni 
Loven, North Sea and Mediterranean, Zeptedora hyalina Lillj., in lakes. 


* Compare especially W. Kurz, “ Ueber androgyne Missbildung bei Clado- 
ceren,” Sitzungsber der Akad. der Wissensch. Wien, 1874. Also Schmanke- 
witsch, 
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Order 2.—-OSTRACODA.* 


Small, usually laterally compressed Entomostraca, with a bivalve 
shell and seven pairs of appendages, which function as antenne, jaws, 
ereeping and swimming legs. There is a pediform mandibular palp, 
and a short abdomen. 

The body of these small C’rustace« is unsegmented and is completely 
enclosed in a bivalve shell, which gives the animal a resemblance to 
a mussel. The two valves of the shell join together in the middle 
line, and are fastened together by an elastic ligament along the middle 
third of the back. The action of this ligament is opposed by a two- 
headed adductor muscle, which passes from one valve of the shell 
to the other and causes impressions discernible from without. The 
common tendon of the two heads of this muscle lies nearly in the 
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t'ıG. 335.—Female Cypris beiore sexual maturity ; the right valve of the shell has been 
removed, 4’, 4”, first and second pair of antenn®z; Ob, upper lip; Ma, mandible with 
pediform palp; @, cerebral ganglion with unpaired eye; SM, adductor muscle; Mix’, 
Mr", first and second pair of maxille; F’, F’, first and second pair of feet; Fu, caudal 
fork ; M, stomach ; D, intestine; Z, hepatice tube; Ge, rudimentary renital organs. 


middle of the body. The edges of the valves are free at both ends 
and along the ventral side. In the marine ('ypridinide there is a 
deep indentation in the edges of the valves, to allow the antenne to 
pass out. When the valves of the shell are open, several pediform 
appendages can be protruded on the ventral side, which enable the 
animal to move in the water either by crawling or by swimming. 


* H. E. Strauss-Dürkheim, “ M&moire sur les Cypris dela classe des Crus- 
taces,” Mem. du Mus d’hist.nat., Tom VII., 1821. W. Zenker, “ Monographie der 
Ostracoden,” Archiv. für Naturgeseh., Tom. XX., 1854. C. Claus, “ Beiträge 
zur Kentniss der Ostracoden. Entwickelungsgeschichte von Cypris.” Marburg, 
1868. C. Claus. “ Neue Beobachtungen über Cypridinen,” Zeitschr. für miss. 
Zool., Tom XXIII ©. Claus. ‘Die Familie der Halocypriden.” Schriften 
zoologischen Inhalts, Wien, 1874. G. S. Brady, “A Monograph of the Recent 
British Ostracoda,” Transact. of the Lin. Soe., Vol. XXVI. 
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The abdomen can also be protruded; it either ends in a caudal fork 
(Cypris and C'ythere), or has the form of a plate armed with spines 
and hooks on its posterior margin (C'ypridina). 

Appendages— The two pairs of antenne are placed on the 
anterior region of the body (fig. 336, A’, A”), and are used as creep- 
ing and swimming legs. In C'ypridina, however, the anterior paiı 
is provided with olfactory hairs. The antenn# of the second pair in 
Cypris and Cythere resemble legs, and end with strong hooked 
bristles, by help of which the animal can attach itself to surrounding 
objects. In the exclusively marine Oypridinide and Halocypride 
this pair of appendages has the form of biramous swimming feet, 
which consist of a broad triangular basal plate, a many-jointed 
endopodite beset with long swimming sete, and a rudimentary 
exopodite, which, however, is stronger in the male and furnished 
with hooks of a considerable size. 

In the region of the mouth beneath and to the side of a tolerably 
large upper lip there are two powerful mandibles with a broad and 
strongly toothed biting edge. The mandibular palps, which are 
leg-like and elongated, are usually three-jointed and can be used as 
legs (Mdf). In exceptional cases (Paradoxostoma), the mandibles 
are styliform and are enclosed in a suctorial probosceis formed from 
the upper and under lips. 3 

The mandibles are followed by the first pair of maxille, which 
are in ali cases distinguished by the great development of their 
basal portion and by the reduction of the palp. In the Oypride 
and C'ytheride the basal joint of the first maxilla bears a large 
comb-like setose plate, which by its swinging movements aids the 
function of respiration, but does not itself function as a ill. A 
similar branchial plate may also occur on the two following appen- 
dages (the 5th and 6th pair),. which sometimes have the form of 
jaws, sometimes of legs. The anterior of these appendages (maxilla 
of the second pair or better maxilliped, fig. 336, M/x”) functions, in 
Ö'ypris, chiefly as a jaw, but bears, besides the rudimentary bran- 
chial appendage, a short, backwardly direeted, usually two-jointed 
palp, which, however, in certain genera and in Halocypris becomes a 
short, three-jointed or even four-jointed leg. In Oythere it acts ex- 
clusively as a leg, and represents the first of the three pairs of legs 
present in this animal. In the Oypridina, however, it has completely 
the form of a jaw, and is provided with an enormously developed 
branchial plate (fig. 336 a, M&”). The appendage of the sixth pair 
is usually modified to an elongated, many-jointed, ereeping and ad- 
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hering foot. The appendage of the seventh pair is always elongated 
to the form of a leg; in C'ythera it is formed like the preceding one, 
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Fıs. 336.—Cypridina mediterranea. a, Female; b, male. M, Stomach; ZZ. heart; SAT, 
adductor muscle; O, eye; O’, unpaired eye; G, brain; Stz, frontal organ; T, testis ; 
P, copulatory organ; Mdf, mandibular palp; Mx', first maxilla; Mx", second maxilla; 
Fu, caudal fork. 


but in O'ypris it is curved upwards, and is furnished with a short 
claw and terminal sete. It has probably the same function (Putzfuss) 
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as the long eylindrical appendage of ('ypridina, which arises in place 
of the seventh pair of legs, almost on the back of this animal. 

The nervous system consists of a bilobed cerebral ganglion and 
a ventral chain with closely approximated pairs of ganglia, which 
may unite to form a single ganglionie mass. 

Sense organs.—In addition to the already mentioned olfactory hairs 
there is a median eye (C’ypris, C'ythere), composed of two (often 
separated) halves; or there are, in addition to a small unpaired eye, 
two larger compound and movable lateral eyes (C'ypridina). In 
Halocypris and Cypridina there is a frontal appendage, which 
probably functions as a sense organ. 

Alimentary canal.—The mouth, which is frequently (C’ypris) 
armed with toothed lateral bands, leads through a narrow @sophagus 
into a dilated erop-like portion of the alimentary canal. This is 
followed by a broad and long stomach, provided with two long 
lateral hepatic tubes, which 
project into the lamell» of 
the shell. The anus opens at 
the base of the abdomen (fig. 
337). Of special glands a 
club-shaped, dilated glandular 
tube (poison-glands?) found 
in C'ythere must be mentioned, 


Fıs. 337.—Alimentary canal and generative the ua of which spe co 
organs of a female Cypris (after W. Zenker). the exterior through a SPINOUS 
Oe, &sophagus; PVP, crop; V, stomach; D, teri 
intestine; Z, liver; Ov, ovary ; SM, adductor appendage of the poS or 
muscle; 2 receptaculum; Yu, vulva; Fu, antenne. 
caudal fork. . 





A heart is present in Cypri- 
dina and Halocypris on the dorsal surface, where the shell is con- 
nected to the animal. The function of respiration is performed 
by the whole surface of the body, over which an uninterrupted 
current of water is maintained by the swinging movements of 
the leaf-shaped setose branchial appendages. In many Oypridinide 
(Asterope) there is a double row of branchial tubes on the back, 
near the last pair of appendages. 

Generative organs.—The sexes are always separate and are dis- 
tinguished by well marked differences in their entire structure. The 
males, in addition to the greater development of the organs of sense, 
possess apparatuses on different appendages—in ('ypridina on the 
second antenne, in (ypris on the maxilliped—for holding the 
females ; or a pair of legs may be completely modified for this pur- 
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pose. In addition a large copulatory organ, which may be derived 
from a modified pair of appendages and often possesses a very compli- 
cated structure, is always present. The male genital organs consist 
on either side of several elongated or globular testes, of a vas deferens 
and the copulatory organ ; the presence in C’ypris of a very peculiar 
paired mucous gland and the size and form of the spermatozoa seem to 
be worthy of notice (Zenker). The female of O'ypris possesses two 
ovarian tubes which project into the reduplicature of the carapace, 
two receptacula seminis, and the same number of gerztal openings at 


the base of the abdomen. 





Development.—The greater number of Ostracod« lays eggs, which 
they either attach to water-plants (O'ypris), or, as in (O'ypridina, 
carry about with them between the shell valves until the young are 
hatched. The free development of C'ypris consists of a complicated 
metamorphosis. The larvx, when hatched, possess, like the Nauplius 
form, only three pairs of appendages, 
but are strongly compressed laterally, and 
are already enclosed in a thin bivalve 
shell (fig. 338). In the marine Ostracoda 
the development is simplified, so that the 
metamorphosis is entirely absent. 

The Ostracoda feed altogether on ani- 
mal matter, as it seems especially on the 





carcasses of different aquatice animals. Fıc. 338,—Very young larva of 

Numerous fossil forms are known from REDNER 

n three pairs of appendages. 

almost all formations, but, unfortunately, M, stomach; D, intestine; 

E “5 en x e SM, shell muscle ; A’, 4”, first 

only the remains of their shells are pre- SH ERcon ‚antenne MER 
served. mandible. 


Cypridina. With heart and large movable paired eye. With deep excava- 
tion in the edges of the shell for the passage of the antenn®, The anterior 
antenn® are bent, furnished with strong set&, and have olfactory hairs at their 
extremity. The posterior antenn® are biramous swimming feet. The biting 
part of the mandible is weak or entirely aborted ; palp is five-jointed, pediform, 
and of considerable length. The seventh pair of appendages is represented by 
a cylindrical ringed appendage (Putzfuss). Cypridina mediterranea Costa. 
Asterope oblonga Gr., Trieste. Halocypris Dana. 

Cythere ©. Fr. Müll. Without heart. The anterior antenn® are bent at 
their base and beset with short sete. The posterior antenn® are strongly 
developed, with hooks on the terminal joint. Three pairs of legs, of which the 
last is the most strongly developed. The abdomen has only the caudal fork, of 
which the two branches are small and lobe-like. The testes and ovaries do not 
project between the lamell® of the carapace. The male genital apparatus has 


no mucous gland. They are all marine animals. The females often carry the 
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eggs and embryos about between the valves of the shell Cythere lutea O. Fr. 
Müller, North Seas and Mediterranean. (. wiridis O. Fr. Müll, North Seas. 

Cypris O. Fr. Müll. With median eye, but no heart. The shell valves are 
light but strong, the anterior antenn® haye usually seven joints and are beset 
with long set. The antenna of the second pair is simple and pediform, with 
usually six joints. There are two pairs of legs, of which the posterior smaller 
pair is bent upwardstowards the dorsal surface. The caudal fork is very narrow 
and elongated, and is provided with hooked set at the point. The testes and 
ovaries project between the lamell® of the shell. The male genital appa- 
ratus has a peculiar mucous gland. Most of them inhabit fresh water. 
Cypris fuscaStr., C. pubera O.Fr. Müll., C. fuscata Jur., and others. Notodromus 
monachus O, Fr. Müll. 


Order 3.—ÜCoPEPoODA.* 


Entomostraca with elongated, usually well segmented body, without 
shell-forming reduplicature of the skin, with biramous swimming feet ; 
the abdomen is without appendages. 

The group of the (opepoda includes a number of very different 
forms. The non-parasitie members of the groups are distinguished 
by a constant number of segments and paired appendages. The 
numerous parasitic forms differ in various degrees from those which 
lead an independent life; in extreme cases some of them are so 
modified, that without a knowledge of their development and the 
peeuliarities of their structure, they would rather be taken for 
parasitic Worms than for Arthropods. The characteristie swimming 
feet are, however, usually retained, though often reduced in number, 
as rudimentary or modified appendages.. When they are absent, the 
developmental history gives a certain indication of the Copepod 
nature, 

Appendages.—The head seems as a rule to fuse with the first 
thoracie segment; and the cephalothorax so formed bears two pairs 
of antenne, a pair of mandibles, the same number of maxill®, and 
four maxillipeds, which last are only the external and internal branches 
of a single pair of appendages (fig. 341); and finally the first pair of 
swimming feet, which are not unfrequently modified in form. Then 
come four free thoracie segments, each with a pair of swimming feet, 
of which the last pair is frequently reduced and in the male may 
be modified to assist in copulation. Finally, the fifth pair of feet and 

* O. Fr. Müller, “ Entomostraca seu Insecta testacea, qu® in aquis Dani® et 
Norvegis reperit, descripsit,” Lipsi®, 1785. Jurine, “ Histoire des Monocles,” 
Geneve, 1820. W. Lilljeborg, “Crustacea ex ordinibus tribus: Cladocera, 
Ostracoda et Copepoda, in Scania occurrentibus,’” Lund., 1853. C. Claus, “ Zur 


Morphologie der Copepoden,” Würzb. naturmwiss. Zeitschr., 1860. C. Claus, 
“ Die freilebenden Copepoden,” Leipzig, 1863. 
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the corresponding thoracie segment may be entirely absent. The 
abdomen as well as the thorax consists of five segments, but is with- 
out appendages and ends in a caudal fork, the branches of which are 
furnished at their points with several long caudal set® (fig. 339). 
In the female, the two first abdominal segments usually unite to 
form a’double genital segment, on which the genital openings are 
placed. The abdomen, especially in the parasitic forms, very fre- 
quently undergoes a considerable reduction, 





Fıe. 339.—Female of Cyclops coronatus, seen Fıg. 340.—An antenna of the male of 
from the dorsalsurface. D, intestine ; OvS, Cyclops serrulatus, Sf, olfactory hairs , 
ovisacs; 4’, 4’, antenne. M, muscles. 


The anterior antenn®, which are usually many-jointed, bear olfac- 
tory hairs, but serve in the free-swimming forms for locomotion, and 
in the male as prehensile arms for catching and holding the female 
during copulation (fig. 340). The posterior antenn® are always 
shorter, and not unfrequently bifurcated and adapted for clinging 
to surrounding objects. With regard to the oral appendages 





430 CRUSTACEA. 


(fig. 341), two toothed, usually palped mandibles are placed be- 
neath the upper lip. These function in the free-living Copepoda as 
masticatory organs, but in the parasitie forms are usually trans- 
formed into pointed styliform rods, which are used for piereing. 
In this case they are frequently placed in a suctorial tube formed by 
the junetion of the upper and under lips.. The two jaws which 
follow the mandibles are weaker biting plates, and in the parasitie 
Copepoda are reduced to small palp-like protuberances.. The maxil- 
lipeds, on the contrary, are much longer ; 
they are used to procure food and, especially 
in the parasitie forms, to attach the body. 
The thoracie swimming feet consist of a 
two-jointed basal portion, and two three- 
jointed setigerous swimming rami, which 
are comparable to broad swimming plates. 
In the Argulide these rami are much 
elongated, and by their numerous joints 
approximate to the legs of the Cirripedia. 

Nervous System. —In all cases there is 
a brain giving off sensory nerves, and also 
a ventral cord, which either develops 
some ganglia in its course or is concen- 
trated to a common subesophageal gan- 
glionic mass. Of sense organs the median 
frontal eye, divided into three parts (Cy- 
clops eye), is pretty generally present. 
The tactile sense is specially localized in 
the set of the anterior antennz, but is 
probably also present in many other parts 
of the body. Olfactory hairs are pre- 
Kf sent as delicate appendages of the an- 


Rf terior antenn&, prineipally in the male 
FıG. 341. — Mouth parts of 

Oyclops. M, Mandibles; Ma, SEX- R 
maxilla; Xf‘, internal; Kf”, The alimentary canal is divided into 


asien a short narrow «sophagus, a wide sto- 
mach which often has two blind diverticula near its commence- 
ment, and a narrow rectum which opens on the dorsal surface of the 
last abdominal segment. The surface of the intestine often seems 
to perform the function of a urinary organ. We find, however, 
at the same time a shell gland in the cephalo-thorax at the sides of 
the maxillipeds. In all cases the whole surface of the body performs 
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the respiratory function. Circulatory organs are either replaced 
. by the regular oseillations of the intestinal canal (C’yclops, Achtheres), 
or there is present in the anterior part of the thorax above the intes- 
tine (Calanide) a short saccular heart, which may even be continued 
into a cephalic artery (Calanella) (fig. 53). 

Generative organs.—The Copepoda are of separate sexes. Both 
kinds of genital organs lie in the cephalothorax and in the thoracie 
segments, and open right and left on the basal segment of the 
abdomen. Sexual differences in the form and structure of the 
different parts of the body are almost uniformly found. These lead 





FıG. 342.—Metamorphosis cf Cyclops. a, Nauplius larva of C'yclops serrulatus after hatching. 
b, Older stage strongly magnified. ec, Very young Cyclops form. SD, antennalglands; 
Ol, upper lip; Mf, mandibular foot; Md, mandible; Mx, maxilla, Mxf, maxilliped; . 
F', F”, first and second swimming feet; He, urinary concretions; D, intestine; Ad, 
rectum; A, anus; @, rudimentary genital organs. 

in certain parasitie Copepoda (Chondracanthide, Lerneopodide) to 

an extremely striking dimorphism. The males are smaller and 

move with greater facility; the anterior antenn® and the last pair 
of feet become accessory copulatory organs, the former serving to 
hold the female, the latter to affix the spermatophores. The sper- 
matophores are formed in the vas deferens by a mucous secretion 
which surrounds the seminal mass and hardens to a tough mem- 
brane. The females are larger than the males and often move 
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more elumsily; they carry the eggs about with them in sacs, placed 
to the right and left on the abdomen. Many of them possess a 
cement gland at the end of the oviduct; the seeretion of this gland 
passes out with the eggs and gives rise to the stiff covering of the 
ovisaes. During copulation, which is onlyan external approximation 
of the two sexes, the male fastens one or more spermatophores on to 
the genital segment of the female, and, indeed, on to special opening 
through which the spermatozoa pass into the receptaculum seminis, 
and fertilize the ova either within 
the body of the mother, or as they 
pass out into the developing ovisaes. 

Development takes place by means 
of a complicated metamorphosis, 
which, in many parasitie forms, is 
a retrograde one. The larve, when 
hatched, have the Nauplius form, 
with an unpaired frontal eye and 
three pairs of appendages. Hooked 
sete on the second and third pairs 
of appendages serve to conduct the 
food into the mouth, which is 
covered by a large upper lip (fig. 
342, a). "The posterior region of the 
body is destitute of appendages, 
and terminates with two set® at the 
sides of the anus; it corresponds to 
the thorax and abdomen, which are 
as yet undifferentiated. 

The alterations undergone by the _ 
young larv& in the course of their 
FıG. 383. Metanauplius o£ Cyelopsine. further growth are connected with 

ee BE a a number of successive moults, and 

as VE) Mz, max- consist principally in an elongation 

Fe 273 of the body and the appearance of 
fresh appendages. Even in the next larval stage (ig 342, b), 
a fourth pair of appendages, the future maxille, makes its ap- 
pearance behind the three original pairs, which develop into the 
antenne and mandibles, In a later stage three fresh pairs of 
appendages are formed. Of these the first corresponds to the 
maxillipeds, while the two last pairs represent the first rudiments 
of the anterior swimming feet. In this stage (Metanauplius) (hie. 
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343), the larva still resembles a Nauplius, and it is only after another 
monlt that it is transformed into the first C'yclops-like form. It 
then resembles the adult animal in the structure of the antenn® and 
mouth parts, although the number of the appendages and the body 
rings is smaller (fig. 342, c). The two last pairs of appendages already 
have the form of short biramous swimming feet, and the rudiments 
of the third and fouth pairs of swimming feet have made their 
appearance as projections beset with sete. The body consists in this 
stage of the oval cephalothorax ; the second, third and fourth thoracie 
segments; and an elongated terminal portion, which gives rise to the 
last thoracie segment, and to all the abdominal segments by a pro- 
gressive segmentation, and already terminates in the caudal fork. 





FıG. 344.—Actheres percarum.—a, Nauplius form. 5, Larva in the youngest Oyclops stage; 
Kf', Kf", maxillipeds. c, Female seen from the ventral side. Ov, Ovaries ; XD, cement 
glands. d, The smaller male seen from the side ; Mxf’, Mxf', maxillipeds. 

Many forms of parasitic (opepoda, for example Zernanthropus 
and Chondracanthus, do not get beyond this stage of body segmenta- 
tion, and obtain neither the swimming feet of the third and fourth 
pairs, nor a fifth thoracie segment separate from the stump-like 
abdomen; others, for example Achtheres, by the loss of the two anterior 
pairs of swimming feet, sink back to a still lower stage (fig. 344). 

All the non-parasitic and many of the parasitie (opepoda pass 
in the successive moults through a larger or smaller number of de- 
velopmental stages, in which the still undeveloped segments and 
appendages make their appearance, and the appendages already 
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present undergo further segmentation. Many parasitie Copepoda, 
however, pass over the series of Nauplius forms, and the larva, as 
soon as hatched, undergoes a moult, and appears at once in the 
youngest Cyelops form, with antenne adapted for adhering and 
mouth parts for piereing (fig. 344). 





ce 
Fıs. 345.— The two sexual animals of Chondra. 


canthus gibbosus magnified about six diameters. - 


a, Female seen from the side; d, from the 
vensral surface with adhering male; c, male 
strongly magnified. Aw, Anterior antenn®; 
An’, antennw for attachment; P, F’, the 


two pairs of feet; A, oye; Or, egg-tubes ; 
0e, @sonhagus; D, intestine; M, mouth 
parts; 7, testis; Ta, vas deferens; Sp, 


spermatophore. 


increase in size 
female with egg-tubes. 
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and modification of form which characterises the 


From this stage they undergo 
a retrogressive metamorphosis, 
in which they become attached 
to a host, lose more or less com- 
pletely the segmentation of the 
body which grows irregular 
in shape, cast off their swim- 
ming feet, and even lose the 
eye, which was originally pre- 


sent (Zerneopoda). The 
males, however, in such cases 
often remain small and 
dwarfed, and adhere (fre- 


quently more than one) firmly 
to the body of the female in 
the region of the genital open- 
ing (fig. 345). 

In the Zernea (fig. 346) 
such pigmy males were for a 
long time vainly sought for 
upon the very peculiarly 
shaped body of the large female 
(fig. 346, c, d) which carries 
egg tubes. At last it was 
discovered that the small 
cyelops-like males (fig. 346, a), 
lead an independent life, and 
swim about freely by means 
of their four pairs of swim- 
ming feet; and that the fe- 
males (fig. 436, b), in the 
copulatory stage resemble the 
males, and that it is only 
after copulation that they 
(the females) become parasitie 
and undergo the considerable 
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1. Sub-order : Eucopepoda. 


Copepoda with swimming feet, the rami of which are two or three 
jointed. They have biting or piereing and sucking mouth parts. 

1. Gnathostomata. For the most part non-parasitie; oral apparatus 
adapted for mastication ; fully segmented body. 


Fam. Cyelopide. Mostly fresh-water animals, without a heart, and with a 


simple eye, 
The feet of the fifth pair are rudi- 
mentary in both sexes. The male 
employs the anterior antennx® for 
prehension. Cyelops coronabus 
Cls., Canthocamptus minutus Cls., 
Harpactieus chelifer ©. Fr. Müll,, 
North Sea, 

Fam, Calanide,. The anterior 
antennz® are very long, only one 
of them is modified for prehension. 
The posterior antenn® are bira- 
mous. Heartalways present. The 
feet of the fifth pair are, in the 
male, modified to assist in copula- 
tion. Cetochilus  septentrionalis 
Goods., Diaptomus castor Jur. 
Iren@us Patersonii Templ. 

Fam. Notodelphyid®. Structure 
of body like that of the Cyelopide. 
The posterior antenne modificd 
for attachment. The two last tho- 
racic segments are fused in the 
female and form a brood cavity for 
the reception of the eggs. They 
live in the branchial cavity of As- 
eidians. Notodelphys agilis Thor, 


2. Parasita* (Siphonosto- 
mata). Month parts adapted 
for piereing and sucking, 
usually with incomplete seg- 
mentation of the body and 
reduced abdomen. 

The posterior antenne and 
maxillipeds end with hooks 
for attachment. Some of 


The second pair of antenn®& are four-jointed and never biramous. 
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FıG. 346.—Lernea branchialis. a, Male (about, 
2 to 3 mm. long). Oec, Eye; G, brain; T, 
testis; M, stomach ; F' to F'r, the four pairs 
of swimming feet; Sp, spermatophore sac. b, 
Female (5 to 6 mm. long at the time of 
copulation). 4’, 4”, the two pairs of an- 
tenn®; D, intestine; RZ, proboscis; Mxf, 
maxilliped. c, Female of Dernea branchialis 
after copulation undergoing metamorphosis ; 
d, the same with egg sacs, natural size. 


* Besides Steenstrup and Lütken l.c. compare A.v. Nordmann, “ Mikro- 
graphische Beiträge zur Naturgeschichte der wirbellosen Thiere,” Berlin, 1932, 
IT, Burmeister, “ Beschreibung einiger neuen und wenig bekannten Schmarot- 
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them still swim freely, but most of them live on the gills, in the 
pharynx, and on the outer skin of fishes. Some live within the 
tissues of their host (Penella), and nourish themselves on the blood 
and juices of the latter. 


Fam. Coryczide. Anterior antenne short, few jointed, and similar in both 
sexes. The posterior antenn® unbranched, with elasping hooks, usually differ- 
ent according to the sex. Mouth parts often arranged for piercing. Median 
eye and lateral eyes often present. They live partly as temporary parasites, 
Coryceus elongatus Ols., Sapphirina fulgens Thomps. 

Fam. Chondracanthide. Body elongated, often without distinet segmenta- 
tion, and furnished with pointed outgrowths. Abdomen stump-like, The two 
anterior.pair. of swimming feet are represented by bifid lobes, the others are 
wanting. There isno suctorial proboseis, the mandibles are sickle-shaped. The 
pear-shaped males are small and dwarfed, and attached, often in pairs, to the 
body of the female. Chondracanthus gibbosus Kr. (on Lophius). Ch. cornutus 
0. Fr. Müll., on flat fish (Pleuronectide) (fig. 345). 

Fam. Caligid®. Body flat, with shield-like cephalethoraz, and very large 
genital segment which in the female is especially swollen. Abdomen, on 
the contrary, is small and more or less reduced. There is a suctorial tube and 
styliform mandibles. Four paired biramous swimming feet enable the animal 
to swim rapidly. They live on the gills and the skin of marine fish, and the 
females have long string-like egg tubes. Caliqus rapa.: Edw., Cecrops Latreillii 
Leach. 

Fam. Lerneide. The body of the female vermiform or rod-shaped ; unseg- 
mented, with outgrowths and processes on the head. Mouth parts piereing 
with suctorial tube. Thereare four pairs of small swimming feet. The females 
become attached to fishes, in which the anterior part of their body is buried, 
Lern@ocera cyprinacea L., Penella sagitta L., Lernea branchialis L. 
(fig. 346). 

Fam. Lern&opodide. Body separated into head and thorax, abdomen 
rudimentary. Mouth parts piereing with suctorial tube. The external maxilli- 
peds attain a considerable size, and in the female unite at their points so as to 
form a single organ of attachment, by means of which the animal adheres 
permanently. Swimming feet completely absent. The males, which are more 
or less dwarfed, have large free clasping feet, and are, like the females, without 
swimming feet. Achtheres percarum Nordm. (fig. 344). Anchorella uneinata 
O. Fr. Müll. (on species of @adus). 


2. Sub-order: Branchiura.* 
Carp-lice With large compound eyes, and long protrusible spine 
in front of the suetorial tube of the mouth; with four pairs of elon- 
gated biramous swimming feet. 


zerkrebse,” Nova acta Ac. Cs. Leop., Tom XVII, 1835. C. Claus, “ Ueber den 
Bau und die Entwickelung von Achtheres percarum,” Zeitschr für miss. Zool., 
1861. C. Claus, “ Beobachtungen über Lernsocera, ete., Marburg, 1868. 

* Jurine. ‘‘ Memoire sur l’Argule foliace,” Annales du Museum d’hist. 
nat., Tom. VII., 1806. Fr. Leydig, “ Ueber Argulus foliaceus,” Zeitschr für wiss. 
Zool., Tom 11.,1850. E. Cornalia, ‘“ Sopra una nuova specie di crostacei sifonos- 
tomi,' Milano, 1860. C. Claus, “ Ueber die Entwickelung, Organization und 
systematische Stellung der Argnliden,” Zeitsehr für wiss. Zool., Tom XXV., 1875. 
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The Branchiura are often placed near the Caligide, but they differ 
from them and from the true Copepoda in several essential particulars, 
In the general body form they certainly resemble the Caligide 
except in the hind part of the body, which is split into two plates 
(caudal fins). Their internal structure, however, and the strueture 
of the appendages distinguish them from the above-mentioned 
parasitic Orustacea. A large suctorial tube projects above the mouth, 
and in it are concealed finely serrated mandibles and styliform 
maxille. A little above this proboseis there is inserted a long 
eylindrical tube, which terminates in a retractile styliform spine, and 
contains the ducts of a St 
pair of glandular tubes 
said to be poison glands. 
Powerful organs of attach- 
ment are placed on each 
side of and beneath the 
mouth ; they consist of 
two parts—(1l) of an an- 
terior pair of appendages 
which correspond to the 
anterior maxillipeds and 
are in Argulus modified 
into large sucking dises, the 
hook-bearing terminal por- 
tion being reduced ; and (2) 
of a posterior pair, which 
corresponds to the second 
pair of maxillipeds, and is 
provided with numerous 


spines on its broad basal mn 

5 . _ Fıs. 347.—Young male of Argulus ‚foliaceus. 4’, 
portion, a tactile 1% rotube Anterior antenn®; Sg, sucker (anterior maxilli- 
rance and two curved termi- ped); A4f”, maxilliped; Sf, swimming feet, ' 


nal claws at ite extremity. ER, rostrum ; St, spine; D, intestine; 7', testes. 
Next to these come the four paired swimming feet of the thoracie re- 
gion, which, with the exception of the last, are, as a rule, covered by the 
sides of the cephalo-thoracie shield. Each of these consists of a large 
many-jointed basal portion, and two much narrower rami, which are 
beset with long swimming sete and in their form and setigerous 
investment are not unlike the biramous appendages of the Cüirripedia, 
being like them derived from the Copepod-like feet of the larva 
(fig. 347). 
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The. internal organization recalls that of the PAyllopoda. "The 
nervous system is distinguished by the great size of the cerebral 
ganglion, and by the ventral chain composed of six closely approxi- 
mated ganglia. In addition to two large compound lateral eyes, 
there is present an unpaired tri-lobed median eye, The alimentary 
canal consists of a short arched ascending esophagus, a wide stomach 
with two lateral ramified appendages, and a reetum which runs 
directly backwards and opens to the exterior in the median indenta- 
tion of the caudal fin above the two plates, which correspond to the 
caudal fork. 'There are two lateral slit-like apertures in the heart. 
and a long aorta. The entire surface of the cephalothorax functions 
as a respiratory organ. There seems, however, always to be a 
specially strong current of blood in the caudal fin, so that this part 
of the body may be regarded as a sort of gill. 

Reproduction.— The small, more agile male possesses peculiar copu- 
latory appendages on the posterior swimming feet. The females do 
not carry their eggs about in sacs in the typical Copepod manner, 
but fasten them to surrounding objects. The vitelline membrane of 
the deposited eggs acquires a vesieular consistencee. The young are 
hatched as larve, and undergo a metamorphosis. 

Fam. Argulide, Carp-lice. Argulus O. Fr. Müll. The anterior pair of 
maxillipeds modified into large suckers. There is a styliform spine apparatus. 
A.foliaceus L. (Pou de poissons, Baldner) parasitic on Carps and Sticklebacks. 
A. coregoni Thor., A göganteus Luc., @yropeltis Hell. The maxillipeds end ina 
claw ; styliform spine absent. @. Kollari Hell, parasitic on the brauchiz of 
HIydrocyon, Brazil. @. Doradis Corn. 


Order 4.-—CIRRIPEDIA.* 


Fixed, and for the most part hermaphrodite Orustacea with indis- 
tinetly segmented body enclosed by a reduplication of the skin, and a 
calcareous valved shell. As a rule, there are six pairs of biramous 
thoracic appendages. 

On account of the resemblance of their shell to that of the mussels, 
the Cirripedia were held to be Molluses until Thompson and 
Burmeister, by the discovery of their larv, satisfactorily proved that 
they belong to the Zintomostraca. They are enclosed in a mussel- 

* Compare S. V. Thompson, “ Zoological rescarches,” Tom. I., 1829, H, 
Burmeister, “ Beiträge zur Naturgeschichte der Rankenfüssler.” 1832. Ch. 
Darwin, “A monograph of the Sub-Class Cirripedia,” 2 vol., London, 1851-1854. 
A Krohn, * Beobachtungen tiber die Entwickelung der Cirripedien,” Archir 
‚für Naturgeseh 1860. C. Claus, “ Die Cypris-ähnliche Larve der Cirripedien, 
etc,” Marburg, 1869. R. Kossmann, “*Suctoria und Lepadina,” Würzburg, 
1373. & 
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like shell composed of several (4, 5 or more) pieces. These pieces, 
which originate by the deposition of calcareous matter in the chi- 
tinous covering of a large reduplicature of the skin (mantle), are 
distinguished as scuta, terga, and carina. The animal is invariablv 
fixed by the anterior end of the head, which in the Zepadide (fie. 
348, «) may be drawn out into a long stalk projecting freely from 
the shell. In the Balanide, which are without the stalk (fig. 348, b), 
the body is surrounded by an external calcareous tube, usually com- 
posed of six pieces; the aperture of the tube is elosed by a sort of 
operculum formed of calcareous plates lying inside (fig. 348, b). In 





FıG. 348 —a, Lepas after remoyal of the right shell. A’, Anterior antenn® at the end of the 
stalk ; C, carina; Te, tergum ; Se, scutum; Mk, oral cone; F, caudal fork ; P, eirrus or 
penis; M,muscle. b, Balanus tintinnabulum (after Ch. Darwin), one-half of the shell has 
been removed; Tu, Section of the outer shell; Ov, ovary; Od, oviduct; Oe, opening of 
oviduct; Ad, adductor muscle; Sc, scutum; Te, tergum; 4’, anterior antenne. 


both cases the attachment is effected principally by the hardening of 
the secretion of the so-called cement gland, which opens on the 
penultimate joint of the small and delicate anterior antenn»; this 
joint being dilated to form a sort of sucker. The body, which is 
surrounded by the mantle and its shell-plates, lies with its hinder 
region stretehed upwards so that the appendages, which are used to 
cause currents in the water, may be protruded from the slit-like 
space left on the ventral side between the paired scuta and terga. 

Appendages and external features.—A head with antennse and 
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jaws can be distinguished from the region of the body (thorax) bearing 
the biramous appendages, but there is no distinet boundary between 
these two regions. 'The anus is situated at the extremity of the 
small stump-like abdomen, which sueceeds the thorax and is often 
only indicated by two caudal appendages. Posterior antennz are in- 
variably absent, while the anterior pair persists, even in the adult, as 
small organs of attachment. The oral apparatus is situated on a 
ventral prominence of the cephalie region, and consists of an upper 
lip with palps, two mandibles and four maxille, of which the two 
last unite to form a sort of under lip. On the thorax there are 
usually six pairs of many-jointed 
biramous appendages, the elongated 
cirriform rami of which are richly 
beset with hairs and setz and 
serve to set up currents in the 
water in which the partieles of food 
are brought to the animal. The 
stump-shaped abdomen bears an 
elongated eirrus, which is bent to- 
wards the ventral surface between 
the thoracie appendages, and con- 
stitutes the male copulatory organ. 
There are numerous and very pecu- 
liar variations in the shape of the 
whole body. Not only may the de- 
position of calcareous matter in the 
mantle be wanting, and the bira- 
mous thoracie appendages be reduced 
in number or even absent, but the 
ine? mouth parts and the appendages 

Fıg. 349.— The organization of Lepas, & 
or zemoral of the integument, may also be lost (Peltogastride), 
on Omen gind md et; > and the body may be reduced to 
ovary; Od, oviduct; Cf, thoracie the form of an unsegmented tube, 


Be Other letters as in sac, Or lob ed dise. 





Nervous system and sense 

organs.— The Cirripedia possess a paired cerebral ganglion and a 

ventral chain of ganglia, of which there are usually five pairs, but 

which are sometimes fused to a common ganglion mass (Balanide). 

There is a double eye, which, although rudimentary, corresponds 

to the unpaired Nauplius eye. | 
An alimentary canal is absent only in the Rhizocephala. In the 
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Lepadide and the Balanide, the alimentary canal consists of a 
narrow @sophagus, a saccular dilated stomach provided with several 
czecal (hepatie) diverticula, an elongated chyle-forming intestine, and 
a short rectum, which is only sometimes clearly marked off from the 
intestine (fig. 349). The Rhizocephala (fig. 354, a), which are with- 
out an alimentary canal, possess root-like processes of the paren- 
chyma, which ramify in the viscera, especially the liver of Decapods, 
and absorb from them endosmotically the nutritive juices (as in 
Anelasma). 

Special glandular organs, the so-called cement glands (peeuliar to the 
Cirripedia), open on the sucker of the persistent (anterior) antenn« ; 
the animal is fixed by their secretion, and the Zhizocephala alone 
seem to be en- 
tirely without 
them. 

A heart and 
vascular sys- 
tem seem to 
be wanting in 
all cases. The 
tubes which are 
present on seve- 
ral thoracic ap- 
pendages of 
many Lepadide 
are regarded as 
branchi&, as 


are also two Fra. 350,—Aleippe lampas (after Ch. Darwin.) a, Male, very strongly 

lieated 4 magnified; A’, antenn&; T, testis; Vs, seminal vesicle; D, redu- 
B>* = Jamel plicature of the skin; 0, eye; P, penis. d, Longitudinal section 
le on the inte- through female; F, maxilliped; Cf, the three pairs of legs; Ov» 


rior of the I: 
mantle of the Balanide. 

Generative organs.—The Cirripedia are, with a few exceptions, 
hermaphrodite. The testes are branched glandular tubes, and lie 
at the sides of the alimentary canal (fig. 349, 7’). The vasa deferentia 
which dilate into vesicule seminales reach to the base of the eirri- 
form penis, in which they unite to form a common ductus ejacula- 
torius opening at the point of the penis (Vd). The ovaries in the 
Balamide lie in the basal part of the body cavity (fig. 348, Ov); in 
the Zepadide (fig. 349) they are moved into the prolongation of the 
head, which is known as the stalk. The oviducts, according to 
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Fıc. 351.—a Later/Nauplius larva. 4, anus; Ol, proboseis with 
mouth; H, frontal horns; D, intestine; 4’, 4”, Ist and 2nä 
antenne; Mdf, mandibular foot (third pair of appendages). 
d, Metanauplius larva of Balanus before the moult. Benenth 
the skin are the rudiments of the lateral eyes (0) andall the 
appendages "to F'Y oftheCypris stage; Zf, frontal ilament; 
O',unpaired eye; Dr, gland cells of the anterior horns; 4’, 
the antenn® with suctorial disc; Mx rudiment of maxilla. 


Krohn, open on a 
prominence on the 
basal joint of tlıe 
anterior pair of 
thoracie appen- 
dages. The eggs 
accumulate in the 
cavity between the 
mantle and the 
body in large 
thin - walled flat- 
tened sacs, which, 
in the Zepadide, 
are attached to a 
fold of the mantle 
and are packed to- 
gether on the dor- 
sal surface of the 
animal. 

In spite of the 
hermaphroditism, 
there are, accord- 
ing to Darwin, in 
certain genera 
(Ibla, Scalpellum)) 


very simply orga- 


nised dwarfed 
ımales of peculiar 
form, the so-called 
complemental 
muales, which are 
attached like para- 
sites to the body 
of the hermaphro- 
dite. There are 
also diecious Cir- 
ripedes with a 
strongly marked 
dimorphism of the 
sexes. This is the 
case with Scalpel- 
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lum ormatum and Ibla C'uwmingiüi; also with the remarkable genera 
Cryptophialus and Aleippe (fig. 350). The males of these forms are 
not only small and dwarfed, but also, according to Darwin, have 
neither mouth, digestive canal, nor thoracie appendages. Asa rule, 
two or sometimes more attach themselves to the body of the female. 

Development.— The eggs, while still within the brood-pouch, 
undergo an irregular segmentation. The clear cells arrange them- 
selves around the food yolk in the form of a blastoderm, the ventral 
side of which soon becomes considerably thickened in consequence of 
the appearance of the mesodermie layer. The larva leave the egg 
as Nauplii (fig. 351, a, b), of oval or 
pear-shaped form, with unpaired 
frontal eye, lateral frontal horns, 
and three pairs of appendages, of 
which the anterior is simple, the 
two next biramous and closely beset 
with swimming set. 

After several moults, the larva, 
which has grown to a considerable 
size, enters on a new stage of de- 
velopment, the so-called Cypris stage 
(pupa) (fig. 352). The reduplica- 
ture of the skin has the form of a 
bivalve mussel-like shell, through 
the gaping ventral edges of which 
the appendages can .be protruded. 
While the form of the shell recalls 
that of the Ostracoda, the structure 
of the body, so far as the segmenta- 


tion and form of the appendages are Fıc. 352.—Median section through a 
pupaof Lepas. A’ Attachingantenna; 





concerned, approximates to that of C, carina; Te, tergum; Sc, scutum; 

the Copepoda. The anterior ap- O0, ovary; @, cerebral ganglion; 

d Gg, ganglionic chain; D, alimentary 

pendage of the Nauplius larva has canal; Cd, cement gland; Mk, oral 

given rise to a four-jointed antenna, cone; Ab, abdomen; P, rudiment of 
the penis ; M, muscle, 


the penultimate joint of which 

has become large and disc-staped and contains the opening of the 
cement gland, while the terminal joint bears in addition to tactile 
set one or two delicate lancet-shaped olfactory hairs. The frontal 
horns are transformed into two conical prominences near the an- 
terior margin. Of the two pairs of biramous appendages, those 
which correspond to the second pair of antenn® are cast off, while 
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the posterior pair becomes the rudiment of the anterior jaws 
(mandibles) of the oral cone, which is still closed and on which the 
first rudiments of the maxille and under lip are already visible, 
The oral cone is followed by the thoracie region with six pairs of 
biramous Copepod-like swimming feet, and a minute three-jointed 
abdomen, which terminates in two caudal appendages and caudal setz. 
The pupa has a large pair of compound eyes at the sides of the un- 
paired eye-spot, and swims about by means of its swimming feet. It 
appears not to take in food. The material necessary for its further 
changes is stored up prineipally in the cephalie and dorsal regions in 
the form of a largely-developed fat body. 

After swimming about for a longer or 
shorter time, the pupa fixes itself by 
the suctorial dise of its bent antenne 
to some foreign body. The parts of the 
adult Cirripede are now visible beneath 
the skin, and the cement gland begins to 
secrete a cement, which hardens and so 
brings about the permanent attachment 
of the young animal. In the Zepadide 
the region of the head above and be- 
tween the antenn® grows so much that 
it projects from the pupal integument, 
beneath which the calcareous pieces of 
the shell of the Cirripede can be seen, 
and after the moulting of the chitinous 
skin of the pupa constitutes the fleshy 
peduncle by which the animal is attached, 
u ln Da ee and into which the rudiments of the ova- 

valves of the shell and the 118 project (fig. 353). The paired eyes of 

straightening of the anterior the free-swimming Cypris larva disappear, 

part of thehead (stalk), which R . e - . 

in the pupa stage is bent. while the unpaired pigment spot remains. 

a BB DE The mouth parts become fully differen- 
tiated, and the biramous swimming feet become short, many-jointed 
eirriform appendages. 

The Cirripedia are marine animals. They attach themselves to 
various foreign objects. They are found fixed, usually in groups, to 
logs of wood, rocks, mussel shells, Crustacea, the skin of whales, etc. 
Some, as Zithotrya, Alcippe, and the Oryptopialide, are able to bore 
into Lammellibranch shells and Corals, while the Ahizocephala are 
parasitic on Orustacea. In the Rhizocephala the body is saceular, 
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and the animal loses all its appendages and its alimentary canal, and 
extracts the juices of its host (Decapoda) by means of root-like 
processes (fig. 354). 

1. Pedunculata. There is a peduncle and six pairs of biramous 
feet; the mantle has usually carina, scuta, and terga. 


Fam. Lepadide. Peduncle well marked, and not provided with calcareous 
plates. There isa membranous mantle, which, as a rule, is provided with five 
shell plates, of which the scuta and terga lie behind one another (fig. 348, a). 
L:pas L. (Anatifa Brug.), L. fascicularis Ellis. (witrea Lam.) Found from the 
Northern Seas to the South Sea. Z. anatifera L., cosmopolitan. Conchoderma 





FıG, 354.—a, Sacculina purpurea (after Fr. Müller). Oe, Averture of the mantle sac; W, 
root-like processes; X, genital aperture. b, Nauplius larva of Sacculina. 4A’, A”, Mdf, 
appendages, c, Pupa of Lerneodiseus porcellane (after Fr. Müller), 7, The six pairs of 
legs; Ab, abdomen; 4’, attaching antenn®; O, eye. 


Olf. (Otion, Cineras Leach.), C. virgata Spengl., frequently attached to ships. 
C. aurita L., Anelasma Darwin. The stalk is provided with root-like processes. 
which grow into the skin of Squalide. A. squalicola Loven. 

Fam. Pollicipedide. Peduncle not sharply distinct, scaly or hairy. The 
shell plates very strong, numerous. The scuta and terga lie close to one 
another. There are sometimes complemental males. Pollieipes cornucopia 
Leach., Ocean and Mediterranean. sScalpellum vulgare Leach., North Sea and 
Mediterranean. Se. ornatum Gray, South Africa. Ibla quadrivalvis Cuv., 
South Australia. J. Cumingii Darw., Philippines. 
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2. Operculata. The peduncle is absent or rudimentary. The 
body is surrounded by an external ring of plates at the extremity of 
which the seuta and terga form an opereulum, which is usually freely 
movable and provided with depressor museles (fig. 348, b). 

Fam. Balanide. Scuta and terga freely movable and artieulating with one 
another. The gills are formed each of a fold. Balanus tintinnabulum L. 
Widely distributed and found in a fossil form. B. improvisus Darw. Found in 
brackish water. 

Fam. Coronulide. Scuta and terga freely movable, but not artieulating 
with ene another. The two gills formed each of two folds. Zubicinella 
trachealis Shaw., South Sea. Coronula balenaris L., Antaretie Ocean. (. 
diadema L., Arctic Occan. 

3. Abdominalia. The irregularly segmented body is enclosed in 
a flask-shaped mantle, and bears on its terminal portion three pairs 
of cirriform feet, Mouth parts and alimentary canal completely 
developed. The sexes are separate. They live as parasites buried 
in the caleareous shell of Cirripedia and Mollusca. 

Fam. Alcippide. With four pairs of feet, of which the first pair is palpiform, 
and the two last are uniramous and composed of few elongated joints. The 
sexes are separate. The female bores into Mollusc shells. The male is dwarfed, 
and is without mouth, stomach, or feet. Alcippe lampas Hanc., bores into 
the colnmella of the shells of Fusus and Buceinum. Found on the coast of 
England. 

Fam. Cryptophialide. They have three pairs of feet at the posterior end of 
the body. Cryptophialus Darw., sexes separate. Cr. minutus Darw., in the 
shell o£ Conecholepas Perwviana, found on the west coast of South America, 
Kochlorine hamata Noll, livesin excavations in the shell of Haliotis. 

4. Apoda. The body is segmented, and is composed of eleven 
rings. There is no special reduplicature of the mantle. The shape 
resembles that of a maggot. The attaching antenn® are elongated 
to the form of a band. The mouth is adapted for sucking, and has 
mandibles and maxille. Feet absent. The digestive canal is rudi- 
mentary. They live parasitically in the mantle of other Cirripedia. 
They are hermaphrodite. 

Fam. Proteolepadide with the single genus Proteolepas Darw., Pr. bivineta 
Darw., West Indies. 

5. Rhizocephala* (Suctoria). Body tubular or saccular, without 
segmentation or appendages; with narrow, short peduncle for 
attachment, from wluch branched, root-like filaments arise. The 

* W, Lilljeborg, “Les genres Liriope et Peltogaster,” Nora acta reg. s00. 
seien. Upsal., Ser. 3, vol. iii., 1860. Fr. Müller, ‘‘ Die Rhizocephalen,” Archiv 
fur Naturgeseh., 1562 and 1863. R. Kossmann, “ Beiträge zur. Anatomie der 


schmarotzenden Rankenfüssler,” Verk. der med.-phys. G@esellsch, Wurzburg, 
Neue Folge, Tom, IV, . 
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Jatter pierce the body of the host, and carry nourishment to the 
parasite. Mantle saccular, and without calcareous plates, with 
narrow aperture which can be closed. Mouth and alimentary canal 
absent. The testes are usually paired, lie between the ovaries, and 
‘open into the b:ood-pouch. The ZAhizocephala live principally as 
parasites on the abdomen of the Decapoda, and wind their root-like 
filaments around the viscera of the latter. 


Fam. Peltogastride, Peltogaster paguri Rathke. Sacceulina ewreini Thomjps., 
Lerneodiscus porcellan@ Fr. Müll., Brazil. 


IL.—MALACOSTRACA. 


The Malacostraca differ from the Zntomostraca in possessing a 
constant number of segments and paired appendages. The boundary 
between the head and thorax cannot be absolutely fixed on account 
of the varying number of anterior pairs of legs which are modified 
to form jaws. These regions are composed of thirteen segments 
altogether, and bear the same number of pairs of appendages, while 
the abdomen, which is always distinct, includes six segments and the 
same number of paired limbs and terminates with an anal plate 
(telson) derived from the terminal portion of the body. 

Amongst the living Malacostraca there is, however, a single group 
of forms (Nebalia) (fig. 355, a, 5), which differ in having a larger 
number of abdominal segments. They have, in addition to the six 
abdominal segments with appendages, two segments without appen- 
dages, and an elongated Phyllopod-like caudal fork. This remarkable 
form was for a long time regarded as a Phyllopod, and in many of its 
characters represents a connecting link between the Phyllopoda and 
the Malacostraca. The structure and segmentation of the head and 
thorax resembles that of the Malacostraca, but the terminal region of 
the abdomen does not present the special form of a caudal plate or 
telson. In Nebalia we probably have to do with an offshoot of the 
Phyllopod-like ancestors of the Malacostraca, which has persisted to 
the present time. 

The head includes in all cases, behind the mandibular segment 
on which two paragnathi form a kind of underlip, the segments of 
two pairs of maxille. The latter preserve more or less the characters 
of Phyllopol feet. The head, therefore, consists of five segments, each 
with its pair of appendages, viz., two pairs of antenns, one pair of 
mandibles, and two pairs of maxille. It is followed by the thorax, 
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which is composed of eight segments. The eight pairs of thoracie 
appendages may have an exactly similar shape, and possess two 
separate and many-jointed rami. This form of thoracie appendage 
is characteristie of the Schizopoda ; in Nebalia* the thoracie appen- 





Fıc. 325.—Nebalia Geoffroyi, strongly magnified, a, Female; 5, male; R, rostrum; O0, 
stalked eye; M, crop; D, intestine; S, shell G@, vas deferens. 


* Nebalia is best placed in aspecial group, Zeptostraca, between the Zntomos- 
traca and Malacostraca. The pal»ozoic fossil genera A/ymenocaris, Peltocaris, 
etc,, would have to be placed in such a group. 
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dages elosely resemble the typical Phyllopod limb. Asa rule, how- 
ever, some of the anterior thoracie legs take part in preparing the 
food and have a form intermediate between maxille and thoracie 
legs. Such are called foot-jaws or mawillipeds. In the Arthrostrac« 
the anterior pair of thoracie appendages only are so modified, and the 
segment bearing them joins the head; the thorax is, therefore, in 
this group composed of seven segments, each with its pair of appen- 
dages. Im other groups of Malacostraca the next or two next pairs 
of thoracie legs have the form of maxillipeds, so that there is no 
sharp division between the head and thorax. The latter is, at least 
partially, covered by a shield-like reduplicature of the skin, which 
morphologically corresponds to the Phyllopod shell and forms a 
more or less extensive carapace, which fuses with the back of the 
thorax, and under which the posterior, rarely all the thoracie seg- 
ments may remain separate as free rings. 


Order 1.—ARTHROSTRACA.* 


Malacostraca with lateral sessile eyes, usually with seven, more rarelıy 
with six or fewer separate thoracice segments, and the same number of 
pairs of legs. Without a reduplicature of the skin. 

The head bears four antenne, the two mandibles, four maxille, 
and a pair of maxillipeds; in all six pairs of appendages. A small 
“bilobed plate, distinguished as the under-lip, behind the pair of 
mandibles, marks the boundary of the primary region of the head. 
The two pairs of maxille as well as the maxillipeds are secondary 
cephalie appendages derived from the thoracie region .of the body. 

Behind the head there are usually seven free thoracie rings with 
the same number of pairs of appendages, which are adapted for 
ereeping or swimming. The number of distinet thoracie segments is 
in rare cases reduced to six .(Tanais).or five (Anceus), the anterior or 
the two anterior segments of the thorax becoming intimately con- 
nected with the head. In the latter case a more or less extensive 
cephalothoracie carapace is formed. The abdomen which follows the 
thorax includes, as a rule, six segments bearing limbs, and a simple 
or split plate without appendages and representing the terminal 
segment. The number of the abdominal segments and appendages 
may, however, be reduced (7sopod«), and the entire abdomen may 


* Besides the works of Latreille, M. Edwards, Dana, and others, compare 
Spence Bate and J. O. Westwood, “A History of the British sessile-eyed 
Crustacea,” Tom. I. and II., London, 1863-1868. G. O. Sars, “ Histoire 
naturelle des Crustaces d’eau douce de Nory&ge,” Christiania, 1867. 
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even be reduced to an unsegmented stump-shaped appendage 
(Zemodipoda). 

The nervous system consists of a cerebral ganglion and a ventral gan- 
glionie chain, which is most distinetly composed of two lateral halves, 
In the /sopoda there is also an unpaired visceral nerve. The two eyes 
are always sessile, compound eyes, with smooth or facetted cornea; 
they are never stalked. Delicate olfaetory fibres are often present 
on the anterior antenne, and are especially numerous in the male 
sex. 

The alimentary canal begins with a short &sophagus, which passes 
upwards to open into a wide crop, supported by firm horny bands 
and often armed with strong chitinous plates. The erop leads into a 
long intestine provided with two or three pairs of tubular hepatie 
glands. The reetum, which may possess one or two tubular appen- 
dages (probably urinary), opens at the posterior end of the body. 

The antennal gland opens on the basal segment of the posterior 
antenna, often upon a conical protuberance. 

Vascular system. —A heart is always present as the central organ 
of the cireulation. It may either have the form of a tube extending 
along the whole length of the thorax (Amphipoda); or it may be 
saccular and placed in the abdomen (7sopoda). In the first case the 
gills are placed on the thoracie feet as tubular appendages; in the 
latter, on the other hand, they are placed on theabdomen. From the 
heart the blood passes through an anterior and posterior aorta, and 
usually through lateral arteries. The vessels conduct the blood into 
the body cavity, whence it returns in regular streams to the lateral 
paired slits of the heart. 

Generative organs.—The Arthrostraca are of separate sexes. The 
males are frequently distinguished from the females by the modifica- 
tion of certain parts of the appendages to form prehensile organs, by 
a greater development of olfactory hairs on the anterior antenne, and 
by the position of the sexual and copulatory organs. It is rare to 
find a strongly marked dimorphism of the sexes (Bopyrus, Praniza). 
The generative orgäns open either at the posterior part of the thorax 
or at the base of the abdomen; the female always on the ante- 
penultimate pair, the male on the last pair of the thoraeie appen- 
dages or between the first of the abdomen (/sopoda). The ovaries 
are two simple or branched tubes with the same number of oviducts. 
The testes similarly seem to be composed of one (Amphipoda) or 
more (3) pairs of tubes (/sopoda), the efferent ducts of which (vasa 
deferentia) either remain separate or unite to form a copulatory 
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organ. Appendages of the legs may also be present as additional 
‚ alds to copulation. The mature ova are, asa rule, carried about by 
the female in brood pouches formed by the lamellar appendages of 
the thoracie feet (oostegites). Development as a rule takes place 
without metamorphosis, but the form and appendages of the young 
animal not unfrequently differ from those of the adult animal 
(Phronima). The segments and the appendages may even be incom- 
plete in number after birth (Isopoda),. 
Fossil Arthrostraca are found in the Oolite (Archwoniscus). Pro- 
soponiscus occurs in the Permian, Amphipeltis in the Devonian, 


1. Sub order.—Amphipoda.* 


thoracic feet and an elongated abdomen, of which the three anterior 
segments bear the 
swimming feet, while 
the three posterior 
bear posteriorly di- 
> 
{ 


Arthrostraca with laterally compressed body, with gills on the 
“ 
4 


rected feet adapted for 
springing (fig. 356). 
The Amphipoda 
are small animals, 
being only in rare 
cases several inches 


long (Zysianassa 
Di Th Fre. 356.—Gammarus negleetus (after G. O. Sars), with eggs 
mage amica). ey between the brood lamell® (oostegites) on the thorax. 
move in the water 4, 4’, tke two antennz; Xf, maxilliped ; A to F"’, the 
seven pairs of thoracic appendages ; Sf”, the first swim- 


| prineipally by spring- ming foot of the abdomen. 
ing and by swim- 
 ming. The head, which is sometimes small (Orevettina, fig. 356), 
- sometimes large and then much swollen (Hyperina, fig. 357), is 
sharply distinet from the thorax and is fused with the first of the 
seven thoracic segments onlyin the aberrant group of the Zemodipoda. 
The two pairs of antenne usually consist of a short strong shaft 





* Besides the older works of De Geer, Rösel, M. Edwards, etc., compare 0. 

Spence Bate, “On the Morphology of some Amphipoda of the Division Hyper- 

_ ina,” Ann. of Nat. Hist., Ser. 2, vol. xix., 1857. Q. Spence Bate, “On the 

nidification of Crustacea,” Ann. of Nat. Hist., Ser. 3, vol.i. 6O. Spence Bate, 

“ Catalogue of the specimens of Amphipodous Crustacea in the eollection of the 

- British Museum,” London, 1862. E. van Beneden et Em Bessels, “ M&moire 

_ sur la formation du Blastoderme chez les Amphipodes, etc,” Bruxelles, 1868. 

C. Claus, * Der Organismus der Phronimiden, Arbeiten auz dem Zool. Institut. 
der Universität Wien, Tom II.. 1879. 
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and a long multiartieulate flagellum, which, however, may be more or 
less rudimentary. The anterior antenn#, which are always longer 
in the male, often bear a short accessory flagellum and present 
numerous modifications in their special form. In the Yyperina they 
are very short in the female; while in the male they are of consider- 
able length and are closely beset with olfactory hairs. The posterior 
antenne are frequently longer than the anterior: in the male 
Typhide they are folded in a zigzag fashion, and in the Corophüde 





G. 357.—Phronima sedentaria, a, female; 5, male. O, eyes; 4’, 4”, the two pairs of an 
tenn®; Kf,jaws; D, intestine; Z, heart and aorta; X, gills; Ov, ovary; N, nervous 
system; Dr, glands in the chela of the fifth pair of legs; @, genital opening. 

are modified to form strong pediform appendages. In the female, on 
the contrary, they may be degenerated and represented only by the 
basal joint (Phronima) (fig. 357, a and b). - 

‘The mandibles are powerful biting plates with a sharp, usually 

toothed edge and a lower masticating process, They usually possess 
three-jointed palp, which is occasicnally reduced. The anterior bi 


| 
| 
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lobed maxille also have as a rule a short, two-jointed palp, while the 
maxille of the second pair are reduced to two lamell® of considerable 
size attached to a common base. The maxillipeds fuse to form a sort 
of underlip, which is either tri-lobed (Z/yperina) or bears upon a com- 
mon basal portion an internal and external pair of lamell®, of which 
the latter may be considered as the basal joint of a large multiar- 
tieulate and frequently pediform palp (Orevettina and Lemodipoda). 

Delicate lamells or tubes, which are attached to the coxal joints of 
the thoracie legs, function as gills; the active movements of the 
abdominal swimming feet cause a constant renewal of the water 
around them. In the female there are in addition to the gills 
lamellar plates (oostegites), which are applied together under the 
thorax to form a brood-pouch. 

The males are distinguished from the females not only by the 
absence of the oostegites, but chiefly by the stronger development of 
the prehensile hooks on the anterior thoracie feet and the different 
formation of the antenn«. 

The eggs pass into the brood-pouch and there develop. The yolk 
sometimes (G. locusta and other marine species) undergoes a com- 
plete segmentation. Sometimes (@. pulex), after a superficial seg- 
mentation, a peripheral cell-Jayer is separated, which develops into 
a delicate blastoderm beneath the egg membrane A ventral 
primitive streak is then formed, and on the dorsal side, beneath a 
differentiation which has been erroneously taken for a micropyle, 
a peculiar globular organ makes its appearance ; this is the first rudi- 
ment of the cervical gland (dorsal organ), which is confined to em- 
bryonie life. The appendages are developed from before backwards 
on the ventrally flexed body of the embryo. The young animals 
usually possess at hatching all their appendages and in all essential 
points have the structure of the adult animal, but the number of 
joints of the antenn® and the special form of the legs still present 
differences. In the Yyperina alone the just hatched young may be 
without abdominal feet and differ so much in their form from the 
adult that they may be said to undergo a metamorphosis. 

The Amphipoda for the most part live in fresh and salt water 
and lead an independent life (the presence of Arctie species in the 
Swedish and Norwegian seas is very interesting). Some, however, 
live in tubes (Cerapus), others in holes gnawed in wood (C'helura). 
The large size of the deep-sea forms is of special interest ; amongst 
these a Gammarid, allied to the genus /phimedia, and C'ystosoma 
Neptuni (Hyperide) become several inches in length. The Hyperina 
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live prineipally in transparent marine animals, especially in Meduse, 
and may, as the female Phronima sedentaria, take up their abode 
with their entire brood in transparent Pyrosoma, whose internal 
parts they eat up. The Cyamide among the Lemodipoda are 
parasitic on the skin of whales. 


Tribe 1.—L&modipoda. 


Amphipoda with cervically placed anterior legs and rudlimentary 
apodal abdomen. 

The anterior thoracie segment is more or less closely fused with 
the head and the anterior pair of legs shifted on to the neck. The 
maxillipeds are modified to form a quadripartite under-lip with long 
palps. The branchie are usually confined to the third and fourth 
thoracie segments, the legs of which are often rudimentary or are 
‘ altogether wanting. The feet end with hooks for attachment. The 
abdomen is small and reduced to a short protuberance destitute of 
appendages. 

Caprella linearis_L. Body elongatedand thin. Theyare parasitie on Hydroids 


and colonies of Bryozoa. Cyamus ceti L. Body broad and flat ; abdomen quite 
rudimentary ; parasitic on the skin of Cetacea. 


Tribe 2.—ÜCrevettina, 


Amphipoda with small head, small eyes, and multiarticulate pediform 
mazsxillipeds. 

Both pairs of antenne are long and multiartieulate; in the male 
they are larger than in the female. The upper or anterior antenn= 
are usually, as in Gammarus, the longer ; their shaft is composed of 
several joints and bears a small accessory flagellum as well as the 
principal one. The contrary may, however, occur, as in (orophium, 
where the posterior antenn® are elongated and pediform. The 
maxillipeds in all cases fuse together at their base and form a large 
under-lip, usually with four lamelle and two jointed pediform palps. 
The coxal joints of the thoracie legs have the form of broad and 
large epimeral plates. The abdomen has always the full number of 
segments. The three posterior pairs of abdominal feet (uropoda) 
are well developed and often much elongated. This group, which 
includes an astonishing variety of forms, is principally distributed in 
the coliler seas, 

Fam. Corophiide, The body is not laterally compressed. The posterior 


antennx® are more or less pediform. The coxal joints of the legs are frequently 
, very small. They move rather by walking. Corophium longicorne Fabr,, dig 
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passages in mud. Cerapus tubularis Say., livesin tubes., Podocerus variegatus 
Leach., English coast. Chelura terebrans Phil. is allied here, gnaws, with 
Limnoria lignorum, wood-work in the sea. North Sea and Mediterranean. 

Fam. Orchestiide. Anterior antenns usually short, always without accessory 
ramus. The posterior pair of uropoda are unbranched and are shorter than 
the preceding pairs. They live on the shore, especially on sandy beaches, and 
move by springing. Talitrus saltator Mont.=T. locusta Latr. On the sandy 
coasts of Europe. Orchestia littorea Mont., North Sea. 

Fam. Gammarid®. The anterior antenne often have a second ramus, which 
is always longer than the shaft of the posterior. The coxal plates of the four 
anterior pairs of legs are very broad. They move more by swimming than by 
springing. Gammaruspulex L., @. flwwiatilis Rös., @. marinus Leach. In the 
blind Niphargus Schiödte the crystalline cones and eye pigment are wanting. 
N. puteanus Koch., in deep springs and lakes (Lake of Geneva). Zysianassa 
Coste Edw., Mediterranean. Z. atlantica Edw. L. magellanica Lill). 


Tribe 3.—Hyperina. 


Amphipoda with large swollen head and large eyes, usually divided 
into frontal and lateral eyes. T’hey have a pair of rudimentary 
mazxiülipeds functioning as underhp. 

The antenn& are sometimes short and rudimentary, sometimes of 
considerable size, and in the male are elongated into a multiartieulate 
flagellum (Zyperide). The posterior antenn® may in the female be 
reduced to the basal joint enclosing the glandular tube (Phromina) ; 
in the male, on the contrary, they are folded in a zigzag, after the 
manner of a carpenter’s rule (Platyscelin®). A paired auditory 
vesicle may be present above the brain (Oxycephalus, Rhabdosoma). 
The maxillipeds form a small bi- or tri-lobed under-lip. The paired 
legs end in some cases in a powerful chela. The caudal styles are 
sometimes lamellar and fin-like, sometimes styliform. Development 
takes place by metamorphosis. They live prineipally in jelly-fish, 
and swim very rapidly. 

Fam. Hyperide. Head globular, almost entirely occupied bythe eyes. The 
two pairs of antenn® have a multiarticulate shaft; the flagellum longer in the 
male, The mandible has a three-jointed palp. The fifth pair of feet is gener- 
ally formed like the sixth and seventh, with claw-like terminal joint. Hyperia 
(Lestrigonus Edw.) medusarum O. Fr. Müll. (I. galba Mont.=H. Latreilli 
Edw.) with Zestrigonus ewulans Kr. as male, North Seas. 

Fam. Phronimide. Head large, with projecting rostrum and large divided 
eye. The anterior antenn® are short in the female, with only two or three 
joints, in the male with long multiarticulate flageilum and a shaft elosely 
beset with olfactory hairs. The thoracic limbs have in some cases powerful 
chele. Phrosina niceensis Edw., Phronima sedentaria Forsk. The female 
lives with its offspring in Pyrosoma and Diphyid@, Mediterranean. 

Fam. Platyscelide. Both pairs of antenn® hidden beneath the head ; the 
anterior are small ; in the male with much swollen bushy shaft, and short, 
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slender flagellum composed of few joints. The posterior antennz are in the 
male very long and folded three to four times together in a zigzag fashion ; in 
the female they are short and straight, sometimes quite reduced, The basal 
joints of the fifih and sixth pairs of legs are usually enlarged into great 
lamell®, which cover the thorax. The seventh pair is generally rudimentary. 
Butyphis (Typhis Risso) ovoides Risso (Platyscelus serratus Sp. Bate), Mediter- 
ranean. Oxycephalus piscator Edw., Indian Ocean. 


2. Sub-o:der :—Isopoda.* 


/ Arthrostraca with usually broad, more 
or less arched body, with seven free tho- 
rucie rings, with lamellar legs function- 
ing as branchie on the short-ringed, 

/ often reduced abdomen. 

The structure of the body, which is 
flat in shape and covered by a hard, 
usually encrusted integument, presents 
a great agreement with that of the 
Amphipoda, to which the in many 
respects peculiar Tanaide are most 
nearly allied. The abdomen of the 
Isopodsis, however, usually much short- 
ened and composed of six short seg- 
ments, which are often fused with one 
another ; it terminates with a large 
c udal lamella. The abdominal legs are 
oaly exceptionally (Tanaide) swimming 
feet ; asa rule they have the form of 
branchiallamelle. The sixth pair may 
be fin-like or styliform. The anterior 
antenne are, with a few exceptions, 
shorter than the posterior and external 
antenn® ; in rare cases (Oniscide) they 
b>come so much reduced that they are 
Fıs. 868. —Asellus aquatieus (after Jidden beneath the cephalic carapace. 


G. O. Sars). Female with brood r 
pouch, seen from the ventral side- In exceptional cases only (Apseudes) 


*H. Rathke, “ Untersuchungen über die Bildung und Entwickelung der 
Wasserassel,” Leipzig, 1832. Lereboullet, “Sur les Crustaces de la famille 
des Oloportides, etc,” Mem. du Museum d’hist.nat. de Strasbourg, Tom, IV., 
1850. N. Wagner, “ Recherches sur le syst&me eirculatoire et les organes de la 
respiration chez le Porcellion &largi,” Ann. des sc. nat., Ser. 5, Tom. IV., 1865. 
A. Dohrn, “ Die Embryonalentwickelung des Asellus aquaticus,” Zeitschr für 
niss. Zool., Tom. XVIL., 1867. N. Bobretzky, “ Zur Embryologie des Oniscus 
murarius,” Zeitschr. für wiss. Zool., Tom. XXIV,, 1874. 
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they bear two flagella. As in the Amphipoda, pale, plumous setz 
and olfactory cones are present on the antenn®. 'IThe mouth parts 
are in some parasitie /sopoda modified for piereing and sucking. The 
mandibles (except in Bopyrid® and Oniscide) often bear a three- 
jointed palp. On the other hand, the two pairs of maxille, which 
are usually bi- or tri-lobed, are in general without the palpiform 
appendage. The maxillipeds form a sort of underlip, but present 
great differences in the arrangement of their parts (fig. 358). 

Asa rule the seven pairs of thoracic legs are adapted for walking 
or attachment, and in the female some of them are provided with 
delicate membranous plates 
(oostegites) which form a brood 
pouch. They never bear gills. 
The branchial function is dis- 
charged by the delicate inter- 
nal rami or endopodites of 
the abdominal limbs (pleo- 
pods), the anterior pair of 
which is frequently modified 
to form a large operculum 
overlying the following pairs. 
In certain of the terrestrial 
Isopods (Porcellio and Arma- 


dillo) the opercular plates MS a + 
of the two anterior pairs. of RZ Mu, 2 Sig‘ 


abdominal limbs contain a 


system of air spaces which ap- 
pear to assist respiration. The 
heart, unlike that in Amphi- Fıs. 359.—Gyge branchialis (after Cornalia and 





pods, lies (except ın 7. 'anäide) Panceri). a, Female seen from the ventral 
= 2 A side; Brl, oostegite; X, branchie. 2, 
in the posterior thoracie seg- Abdomen of the same strongly magnified, 


ments or in the abdomen. with adhering male. 


The sexes are (except in C'ymothoide) separate, and the position 
and arrangement of the generative organs correspond in general 
with those of the Amphipoda. The sexes are distinguished by 
external sexual characters, which in some cases (Bopyride) may lead 
to a strongly-marked dimorphism (fig. 359, a, b). In the male 
three tubular testes unite on either side to form a dilated seminal 
vesicle, from which the vasa deferentia are given off. The latter are 
frequently separate along their whole length and, at the end of the 
last thoracie segment, each of them enters a eylindrical appendage 
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(Asellus) or they unite together into a common median penis which 
lies at the base of the abdomen (Oniscide). A pair of styliform or 
complicated, hook-bearing appendages of the anterior abdominal feet 
are to be looked upon as-accessory copulatory organs ; in addition 
to these a pair of outwardly turned chitinous rods on the inner side 
of the second pair of feet may also be present (Oniscide). The 
O’ymothoide are hermaphrodite* (Bullar), but the sexual organs 
become ripe at different times. In the young stage these animals 
function as males, and possess three pairs of testes, two rudimentary 
ovaries internal to the testes, and a paired copulatory organ into 
which the two vasa deferentia 
open (fig. 360). After a subse- 
quent ecdysis and after the fe- 
ıaale glands have developed at 
the expense of the gradually 
diminishing male glands, the 
oostegites, which in the meantime 
have been developed, become free 
on the thoracie legs and the copu- 
latory organs are thrown off. 
Henceforward the animal func- 
tions only as a female. 

The embryonice development 
begins after the entry of the eggs 
into the brood pouch and is in- 
troduced by a centro-lecithal seg- 
mentation, the central part of 





Fıe. 300.— a, b emule of Cymothoa Banksi (after 


M. Edwards). Brl, oostegite. Db, Sexual 
organs from a Cymothoa estrides, 13 mm. in 
length (after P. Mayer). 7, The three 
testes; Ov, ovary; Od, oviduct; Yd, vas 
deferens;; P, penis. 


the egg (food yolk) remaining at 
first unsegmented. The blasto- 
derm soon consists of a periphe- 
ral layer of naked nucleated cells 


and produces by a rapid growth 

of its constituent cells the ventrally placed germinal bands, at the 
anterior end of which the cephalie lobes are first marked off. The 
rudiments of the trifoliate appendages (dorsal organ) of the Isopod 
embryos are next formed as two prominences on the cephalic lobes. 
The physiological and morphological meaning of these structures has 
not yet been explained. Of the appendages the two pairs of antenn® 
* J. Bullar, “ The generative organs of the Parasitie Isopoda,” Journ. Anat. 


Phyysiol., 1876. P. Mayer, “ Ueber den Hermaphroditismus einiger Isopoden,” 
Mittheil. aus der Zool, Stat, Neapel, 1879. 
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are the first formed. After these have made their appearance, a new 
euticle, the larval skin corresponding to the Nauplius stage, is formed 
(as also is the case in Zigia according to Fr. Müller). While the 
other appendages are successively developed, the caudal region of the 
embryo becomes bent towards the dorsal surface. Of the embryonie 
membranes the chorion is the first to disappear, then the cuticle of 
the blastoderm, and finally, when the embryo is fully developed, the 
Nauplius skin. 

The young animals, when they become free in the brood-chamber 
(fig. 361), are still without the last pair of thoracie legs; in the 
Tanäidee the abdominal feet are also wanting, They undergo not 
inconsiderable changes in the form of the appendages until the 
attainment of sexual maturity. 
The /sopoda may therefore be 
said to undergo a metamorphosis 
which is most complete in 7«- 
nais, Praniza (Anceus) and the 
Bopyride. 

The /sopoda live some in the 
sea, some in fresh waters, and 
some on land (Oniscide). They 
nourish themselves on animal 
matters ; many of them are para- 
sitie (seldlom complete endopara- 
sites, Zintoniscus) prineipally on 
the skin and in the buccal and 





Fıs. 361.—Larva of Bopyrus virbii, with six 


branchial cavities of fishes (C'y- 
mothoide) or in the branchial 
cavity of prawns (Bopyride). 


pairs of thoracic legs (after R. Walz)- 
UI, Under lip; Abs, first abdominal seg- 
ment; 4’, 4”,two pairs of antenn®; Mab. 
mandible. 


Tribe 1.—Anisopoda.* 

Body more or less resembling that of an Amphipod. The abdomen 
with biramous swimming feet (Tanais), which do not function as gülls, 
or with fin-like feet (Anceus). 

Fam. Tanaide, 7unais dubius Kr,, Brazil. 
and claspers.” ZT. gracilis Kr., Spitzbergen. 

Fam. Pranizide, Anceide. Anceus mazsillaris Mont. 
Desm.), North and West coasts of Europe. 

* Compare Spence Bate, “On Praniza and Anceus, etc,” Ann. of Nat. Ilist., 
Ser. 3, Vol. IIl., 1858. Hesse, “ M&moire sur les Pranizes et les Ancees.” 
Ann. d. Seien. Nat., Ser. IV., Tom IX., 1864, Fr. Müller, “ Ueber den Bau der 
Scheerenasseln,” Archiv. für Naturgeschh Tom XXX., 1864. A. Dohrn, 


“ Entwickelung und Organisation von Praniza maxillaris sowie zur Kenntniss 
des Baues von Paranthura costana ” Zeitschr. für wiss. Zool., Tom. XX., 1870. 


Two kinds of males, ‘‘ smellers 


(Pr. caruleata 
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Tribe 2.—Euispoda.. 


Body with seven free thoracic segments and as many paırs of 
appendages. Abdomen relatively short and broad, with abdominal 
‚feet modified to form branchial lamelle. 


Fam. Cymothoide. With biting and sucking mouth parts, broad abdomen 
with short segments and shield-Iıke caudal plate. The last maxillipeds in the 
form of an operculum. They live partly as parasites on fish, and partly as 
free-living animals. Cymothoa estrum Leach., 0. wstroides Risso, Mediter- 
ranean. Amilocra meditervranes Leach., ga bicarinata Leach., Serolis 
paradoxa Fabr. 

Fam, Sphaeromide. Free-living Zsopoda with broad head and short, very 
conyex body, which can often be rolled up ina ball towards the ventral side. 
Spheroma fossarum Mont., in the Pontine marshes; nearly allied is the &, 
granulatum of the Mediterranean. $. serratum Fabr., Ocean and Mediterranean. 
It also lives in brackish water. 

Fam. Idoteide. Free-living Zsopoda with elongated body, bitinz mouth 
parts, and a long caudal shield formed of several segments fused together. The 
last pair of abdominal feet is modified to form a wing-shaped operculum for 
the protection of the preceding branchial feet. ZdZotea entomon L., Baltic. 

Fam. Asellide. Body flattened ; the last pair of abdominal feet (pleopods) 
are styliform (not shaped like an operculum). Jera albifrons Mont.. British 
seas. Asellus aquatieus L., fresh water form, A. cavatieus Schiödte, in deep 
springs, Limnoria terebrans Leach. ZL. lignorum, gnaws wood-work in the 
sea. 

Fam. Bopyride. Parasitic in the branchial chamber of prawns ; the body of 
the female is disc-shaped, unsymmetrical, and without eyes. The males are 
very small and elongated, with distinctly separated segments and eyes, Bopyrus 
squillarum Batr., on Palemon squilla. 

Here are allied the Zntoniseide, which are parasitie in the body cavity of 
other Crustacea (Oirripedia, Paguride, and Crabs), Oryptoniscus planarioides 
Fr. Müll., parasitic on Sacceulina purpurea of a Pagqurus, Brazil. Or. pygmeus 
Rathke, parasitic on Peltogaster. Entoniscus Porcellan® Fr. Müll., ives 
between the heart and the intestine of a species of Porcellana in Brazil. 

Fam. Oniscide. Land Isopods. Only the internal lamell® (endopodites) 
of the abdominal feet are modified to form delicate branchi®, the exopodites 
constituting firm opercula. The two anterior abdominal feet are sometimes 
provided with air chambers. The mandibles are without palps. They live 
mostly in damp places on land. Zigia oceanica L., on stones and rocks on 
the sea coast. Oniseus murarius Cuv., Porcellio scaber Leach., Armadillo 
vulgaris Latr,, A. ofieinarum Brdt. 


Order 2.—THORACOSTRACA.* 


Malacostraca with compound eyes which are usually placed on 
movable stalks, with a dorsal shield which connects all or at least 
the anterior thoracic segments with the head. 


* Besides the larger works of Herbst, M. Edwards, Dana, and tlıe essays of 
 Duvernoy, Audouin and M. Edwards, Joly, Couch, etc, compare Leach, 
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The 7horacostraca, like the Arthrostraca, possess a cephalo-thorax 
composed of thirteen segments and an abdomen composed of six 
segments, as well as a caudal plate (telson); but the body is stouter 
and adapted to a more perfect locomotion and a higher grade of 
life. The thorax, instead of being ‘composed of seven distinetly 
separate segments, is covered by a dorsal carapace which effects a 
firm and intimate fusion between the head and thorax. The degrees 
of development of this dorsal carapace are various. When most 
highly developed, it forms the dorsal integument of the anterior or 
of almost all the thoracie segments; and its lateral portions only, 
which have the form of wings and are bent towards the ventral 
surface, consist of a free reduplicature. 

The application of the appendages differs from that in the 
Arthrostraca, and, indeed, varies in the different groups of the 
Thoracostraca. The cephalothorax has thirteen pairs, and the 
abdomen seven. The facetted eyes are born on two movably separated 
stalks. These were for a long time considered as the anterior pair 
of appendages, while in fact they are merely lateral portions of the 
head which have become jointed. Both pairs of antennx belong to 
the anterior region of the head. The anterior antenn® or antennules 
as a rule bear on a common shaft two or three flagella—as the 
peripheral multiartieulate filaments are called—and are pre-eminently 
sense organs. In the Decapoda the auditory vesicles are placed in 
the basal joint, and on one of the flagella there are delicate hairs and 
fibres, which are in connection with nerves and are to be looked on 
as olfactory organs. The second antenn& are attached externally to 
and somewhat beneath the antennules. They bear a long flagellum 
and in the macrurous Decapoda are often provided with a more or 
less considerable scale. A gland (the green or antennal gland) 
usually opens on a conical process of their basal joint. 

The following three pairs of appendages function as jaws; the 
powerful mandibles, which are furnished with palps, lie at the side 
of the upper lip; further backwards are the two pairs of lobed 
maxille, in front of which and behind the mouth is the small bilobed 
underlip. The following eight pairs of appendages present a very 
‘“ Malacostraca podophthalma Britanni®,” London, 1817—1821. V. Thompson, 
“ On the metamorphosis of Decapodous Crustacea,” Zool, Jowrn., vol. ii., 1831, 
also Isis,1834, 1836, 1838. H. Rathke, “ Untersuchungen über die Bildung und 
die Entwickelung des Flusskrebses,” Leipzig, 1829. Th. Bell, “ A history of the 
British stalk-eyed Crustacea,” London, 1853. Lereboullet, “ Recherches 
d’embryologie comparee sur le d&veloppement du Brochet, de la Perche et de 


l’Ecrevisse,’’ Paris, 1862. V. Hensen, “Studien über das Gehörorgan der 
Decapoden,” Leipzig, 1863, 
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different form and adaptation in the various groups. Asa rule, the 
anterior pairs are modified to assist in taking up food and are moved 
nearer the mouth ; these are the maxillipeds, which, with regard to 
their structure, hold an intermediate position between jaws and feet. 
In the Decapoda (fig. 362) three pairs of appendages have the form 
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Fıc. 362.—Male and female of Astasus fluviatilis seen from the ventral side. In the male the 
ambulatory and abdominal feet of the left side have been removed; in tlıe female the am- 
bulatory feet of the right side and the maxillipeds of both sides. 4’ antennules; 4% 
antenn® ; Pl, scale ofantenna ; Md, mandible with palp ; Mx’, Mx”, first and second maxille 
Mzf' to Maf*, the three pairs of maxillipeds ; Goe, genital opening ; Doe, opening of the 
green gland; 7’, F”, first and second abdominal foot; Oo, exgs; A, ans. 


of maxillipeds, so that there are only five pairs of legs left on the 
thorax. In the Stomatopoda the first five pairs of thoracie append- 
ages are modified to form maxillipeds and there are only three pairs 
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of biramous swimming feet, which arise from the three posterior free 
segments of the thorax. The thoracic legs are either, at least in part, 
biramous (with swimming ramus), or as in the Decapods the exopodite 
is absent and the legs have the form of ambulatory appendages. They 
then terminate with simple claws; the anterior frequently with large 
chele. The terminal joints may however be broad plates, in which 
case they can be used as swimming feet. The biramous legs of the 
sixth abdominal segment are, as a rule, broad and fin-like and form, 
together with the last abdominal segment which is transformed into 
a large plate (telson), the caudal fin. The feet of the five anterior 
abdominal segments, on the other hand, are sometimes swimming 
feet (Stomatopoda), sometimes serve to carry the eggs, or the anterior 
may assist in copulation (in the male). They may however be more 
or less rudimentary and some of them absent. 

With rare excep- 
tions (Mysid@) all 
the Thoracostrac« 
possess gills, which 
are either tufted or 
composed of regular 
lancet-shaped leaves. 
The gills are appen- 
dages of the limbs: 
in the Stomatopoda 





Mafl 


Fıc. 363.—Cephalothorax of Astacus fIuviatilis, after remoyal 
they are attached to of the branchiostegite (after Huxley). X, Gills; R, ros- 
the abdominal feet, in trum ; O, stalked eye; Mp, scaphognathite (of the second 


maxilla); Mxf”, third maxilliped. 
the Schizopoda and 
Decapoda to the maxillipeds and ambulatory feet. The Cumacea 
are without gills, except for a single pair on the second pair of maxil- 
lipeds. In the Decapods they are contained in a special branchial 
chamber beneath lateral expansions of the carapace (branchiostegite) 
(fig. 363). 

The organs of cireulation also attain a high degree of development, 
the highest not only among the Crustacea, but in general amongst 
all Arthropods. A heart and vessels are always present. In the 
Stomatopoda the heart has the form of an elongated tube, which 
extends through the thorax and abdomen, possesses numerous paired 
slits, and in addition to an anterior and a posterior aorta gives off 
to the right and left several branching arterial trunks. In the 
Cumacea, Schizopoda and Decapoda the heart has a saccular form 
and lies in the posterior region of the cephalo-thorax. More rarely, 
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as in the youngest larv® of the Decapoda, only one pair of slits is 
present and the arterial system has but few branches. In the fully- 
developed Decapoda the number of paired slits is increased by the 
addition of a dorsal and a ventral pair, and the vascular system is 
considerably perfected. An anterior cephalie aorta supplies the 
brain, the antenne and eyes. Two lateral pairs of arteries send 
branches to the stomach, liver and generative organs. The posterior 
abdominal aorta usually divides into a dorsal and a ventral artery, of 
which the first supplies the muscles of the tail, the latter (known as 
sternal artery) sends branches to the appendages of the thorax and 
abdomen (fig. 364). From the ramifications (often capillary-like) the 
blood flows into larger or smaller eanals with connective tissue walls 
which may be regarded as veins, and from thence into a wide 
blood space situated at the base of thegills. It thence passes through 





a 

Fig, 364.—Longitudinal section through Astacus fluviatilis (after Huxley). C, Heart; 4e, 
cephalic aorta; Aa, abdominal aorta, the sternal artery (S?a) is given off close to its 
origin; Km, masticatory stomach ; D, intestine; Z, liver; T, testis; Td, vas deferens; 

Gö, genitalopening; @, brain; N, ganglionic cord ; Sf, lateral plate of the caudal fin. 


the gills and, having become arterial, passes into other vascular 
tracts (branchial veins containing arterial blood), which eonduct it 
to a receptaele surrounding the heart, the pericardial sinus: from the 
latter the blood enters the heart through the slits which are provided 
with valves. 

The alimentary canal consists of a short esophagus, a wide saccular 
crop and an elongated intestine which opens by the anus beneath 
the median plate (telson) of the caudal fin. The wide crop or 
masticatory stomach is supported by a firm chitinous framework, to 
which are aflixed several pairs of masticatory plates (derived from 
thiekenings of the chitinous lining). In the Decapoda two round 
coneretions of carbonate of lime (Cray-fish) may be deposited in the 
walls of the masticatory stomach beneath the chitinous lining ; these 
are the so-called “ eyes,” and are found in the spring and summer, 
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The ducts of the very numerous, multilobed hepatie cwca open into 
the anterior part of the elongated intestine. 

A simple or looped glandular tube (the green gland) opens on the 
basal joint of the posterior antenna. A shell gland is not developed. 

The nervous system is distinguished by the size of the brain, 
which is placed far forwards and gives off nerves to the eyes and 
antenne. The ventral cord, which is connected with the supra- 
«sophageal ganglion (brain) by very long commissures, presents very 
different degrees of concentration. In the brachyurous Decapods 
this concentration reaches its highest point, all the ganglia being 
fused together to form one great thoracie ganglionie mass. The 
system of visceral nerves is also very highly developed. 

Sense organs.—The eyes are large and facetted. Except in the 





Fıe. 365.—Generative organs of Asfacus. a, Female ; 5, male. Ov. ovaries; Od, oviduct; 
Ya, vulva on the basal joint of the third pair of ambulatory legs (F''); T, testis; Vd, 
vas deferens; Oe, genital openings on the basal joint of the fifth pair of ambulatory 
legs (F*). 

Cumacea, in which the eyes are sessile, they are borne on movable 

stalks, which morphologically are to be regarded as the lateral parts 

of the anterior region of the head which have been segmented off. 

In the larva a median simple eye, equivalent to the unpaired Ento- 

mostracan eye, may appear between the stalked facetted eyes. In 

exceptional eases the adult animal may have paired eyes at the sides 

of the thoraeie appendages, and unpaired eyes between the abdominal 

feet (Euphausia). Auditory organs are wanting in the Orrmacea 

and Stomatopoda. In the Decapoda they are present as vesieles 

containing otoliths in the basal joint of the anterior antenna, and in 

many Schizopoda in the lamelle of the caudal fin. The delieate 
30 
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filaments and hairs on the surface of the anterior antenne have the 
value of olfactory organs,; the antenne function as tactile organs, 
as do also the palps of the jaws, the maxillipeds and the legs. 

The generative organs are paired and lie in the thorax or in the 
abdomen (Stomatopoda), and, as a rule, are connected across the 
middle line by a median portion, The female organs consist of two 
ovaries and two oviducts, which open on the basal joint of the antepen- 
“ultimate pair of ambulatory legs or on the sternal region between 
these appendages (fig. 365, a). The testes (fig. 365, b) are composed 
-of numerous sacs and blind tubes, and, like the ovaries, are connected 
by a median portion; there are two vasa deferentia, often much 
coiled, which open on the basal joint of the last pair of ambulatory 
legs, more rarely on the sternum, and occasionally on a special 
copulatory organ (Schi- 
zopoda). The first, or 
the first and second, 
pair of abdominal feet 
act as intromittent or- 
gans. The eggs either 
pass into a brood-pouch 
formed by lamellar ap- 
pendages of the thoracie 
legs (Cumacea, Schizo- 
poda), or become at- 
Fıs. 386.—Crab zoma (Thia), after the first moult. ZS, ur br MIETE 


Zoxa spine on the back; Xf', Xf”, thetwo pairs of cementing seeretion of 


biramous appendages corresponding to the first and special lands to the 
second pairs of maxillipeds, pP = 





hairy abdominal feet of 

the female, where they remain until they are hatched (Decapoda). 
Development. —Most of the T7horacostraca undergo a metamor- 
phosis which may be more or less complicated. The C’umacea, some 
Schizopoda (Mysidea) and the fresh-water Decapoda (Astacus) leave 
the egg membranes with the full number of segments and appen- 
dages. All the Stomatopoda, on the eontrary, as well as most of the 
Decapoda, are hatched as larve;; the latter in the so-called Zowa 
form with only seven pairs of appendages in the anterior region of 
the body (there are two pairs of antenn®, mandibles, two pairs of 
maxille, and two pairs of maxillipeds), without the last six thoraeie 
segments and with a long abdomen destitute of appendages (fig. 366). 
The two pairs of antenne of the Zo@a are short and destitute of 
flagella, ‘The mandibles are without a palp; the maxill® are already 


lobed and used as jaws; the four anterior maxillipeds are biramous 
and act as biramous swimming feet; and behind them, in the macru- 
rous Decapods, the maxilliped of the third pair also appears as a 
biramous swimming foot, Gills are as yet wanting, being repre- 
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Fıe. 367.—Larva of Penaeus (after Fr. Müller). a, Nauplius form seen from the dorsal sur- 
face. b, Metanauplius stage seen from the left side ; Ma’, anterior maxille; Mx”, pos- 
terior maxille; GI, sixth and seventh pairs of appendages or first and second 
maxillipeds. c, Zowa stage; 0, eyes. 


sented by the thin surfaces of the sides of the cephalo-thoracie 
| shield, beneath which a continual eurrent of water flowing from 
behind forwards is kept up. A short heart with one or two pairs 


. 
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of slits is present. The facetted eyes are of considerable size, but 
are not stalked. Between the facetted eyes there is in addition an 
unpaired simple eye, the Entomostracan eye. The Zowa larvs of the 
short-tailed Decapoda (Crabs) are, as a rule, armed with spinous 
processes. They usually have one frontal spine, a long, curved dorsal 
spine, and two lateral spinous processes of the cephalo-thoracie shield. 

The Zoxa, however, is not by any means always the earliest larval 
stage. Passing over those cases in which the larva has the Zox=a 
form but is without the middle maxillipeds, there are Podophthal- 
mata (Peneus), which leave the egg as Nauplü (fig. 367). Thus 





YıG. 308.—a, Zoea of Irachus in advanced stage with rudiments of the third maxilliped (Xf”) 
and the five pairs of ambulatory feet (5Bp); C, heart; Z, liver. d, Megalopa stage of 
Portunus; Ab, abdomen, F’ to F’ first to fifth ambulatory legs. 

the developmental history proves that the series of forms of Ento- 
mostraca and Malacostraca are continuous, 

During the growth of the Zoxa, the subsequent metamorphosis of 
which is quite gradual and always different, the six (five) pairs of 
thoracie legs, which are as yet absent, sprout out beneath the 
cephalo-thoracie shield. The abdominal feet also make their appear- 
ance on the abdomen, and the larv» finally enter the Schizopod-like 
stage, from which the adult form proceeds, The Crab Zowa, how- 
ever, after a later ecdysis, enters upon a new larval stage, that of the 
Megalopa (fig. 368, db); in this stage it already presents the cha- 
racters of the Brachyura, but still possesses a large abdomen, which 
is indeed ventrally flexed, but provided with a caudal fin, 


| 
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Tbe 7horacostraca are for the most part marine, and feed on dead 
animal matter or capture living prey. Most of them are good 
swimmers; others, e.g. numerous species of erabs, walk and run and 
sometimes move sideways or backwards with great agility. The 
chelze of the first pair of ambulatory legs (fourth thoraeice appendages) 
eonstitute powerful weapons of defence. Besides the frequent eedyses 
of the larval stages, the sexually adult animals cast their shell once 
or several times in the year (Decapoda). They then live with the 
new and still soft skin for some. time in protected hiding-places. 
Some Brachyura are able to live for a long time in holes in the earth 
away from the sea. These land crabs undertake, usually at the 
breeding season, common migrations to the sea and return later to 
the land with their fully developed offspring (@ecarcinus rurieola). 
The most ancient fossil Podophthalmia hitherto known are the mac- 
rurous Decapoda and Schizopoda, from the carboniferous formations 
(Paleocrangon, Paleocarabus, Pygocephalus). 


(1) Sub-order : Cumacea.* 


Thoracostraca with a small cephalo-thoracie shield, (four to) five 
Free thoracic segments, two pairs of mawxillipeds, and six pairs of legs, 
of which at least the two anterior pairs have the biramous Schizopod 
Form. The abdomen is elongated and composed of six segments, and 
bears, in the male, two, three or five pairs of swimming feet in addition 
to the caudal appendages. 

The O'umacea, the systematie position of which was formerly very 
differently estimated, have a superficial resemblance to Decapod larv, 
which they also recall in the simplieity of their organization ; while 
in many of their characters, such as the formation of the brood-pouch 
and their embyronie development, they approach the Arthrostraca. A 
cephalo-thoracie shield is always present and includes, besides the 
segments of the head, the anterior thoracie segments and their 
appendages; the four or five posterior thoracie segments, however, 
remain free, 

The anterior antenne are small and consist of a three-jointed basal 
portion, to the end of which, especially in the male, tufts of olfactory 
hairs are attached, and of a short flagellum and secondary flagellum 

* H.Kröyer, “ Fire nye Arter af slegten Cuma,” Naturh. Tidsskr., Tom III., 
1841. H. Kröyer, “Om Cumaceernes Familie,” Naturh. Tidsskr. N. R., Tom 
IlI., 1846. G. O. Sars, “ Beskrivelse af de paa Fregatten Josephines Exped. 


fundne Cumaceer,” Stockholm, 1871. A. Dohrn, “ Ueber den Bau und die 
Entwickelung der Cumaceen,” Jen. naturwiss. Zeitschr. Tom V., 1870, 
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In the female the posterior antenne are short and rudimentary, 
while in the adult male they, together with their multiartieulate 
flagellum, may be as long as the body (as in Nebalia). The upper-lip 
is usually small, while the deeply eleft under-lip is of eonsiderable 
size. The mandibles are without palps, and possess a comb of bristles 
and a powerful masticatory process below their strongly toothed 
extremity. The anterior maxille consist of two toothed blades and 
a cylindrical, flagellate appendage directed backwards. The unpalped 
maxilla of the second pair is composed of several pairs of masticatory 
plates lying one above another. The two following pairs of 
appendages may be distinguished as maxillipeds.. The anterior, 
which corresponds to the palped under-lip of the /sopoda, is five- 
jointed and may be recognised by the process of the basal joint; the 
posterior, which is also usually five-jointed, is of considerable length 
and the basal joint is cylindrical and elongated. They also bear the 
large pinnate gilland a peculiar plate. Of the remaining six pairs 
of thoracie appendages, the two anterior are always formed like the 
feet of the Schizopoda ; they consist of a six-jointed leg, the basal 
joint being strongly developed and lamellar, and of a multiartieulate 
accessory ramus (exopodite) beset with long swimming setze. The 
four last pairs of appendages are also sıx-jointed, but are shorter ; 
they bear in many cases, with the invariable exception of the last 
pair, a larger or smaller swimming appendage as exopodite. The 
very narrow and elongated abdomen is, in the female, entirely without 
swimming feet, but bears on the large sixth segment at the sides of 
the caudal plate long-stalked biramous caudal styles; while in the 
male two, three or five pairs of swimming feet may in addition be 
present on the preceding segments. 


Fam. Diastylide, Diastylis Rathkii Kr., North Sea, D. Edwardsü Kr, 
Leucon nasicus Kr., Norway, 


(2) Sub-order : Stomatopoda. * 


Elongated Thoracostraca with short cephalo-thoracie shield which 
does not cover the thoracic segments. There are five pair of mazwilli- 
peds and three pair of biramous thoracic feet. The swimming feet on 
the strongly developed abdomen bear branchial tufts. 

* Besides Dana, M. Edwards and others, compare O, Fr. Müller, “ Bruch- 
stück aus der Entwickelungsgeschichte der Maulfüsser,”’ I. and UI., Archiv für 
Naturgeseh., Tom XXVIIL, 1862, and Tom XXIX., 1863. C. Claus, “ Die 


Metamorphose der Squilliden,” Abhandl. der Göttinger Soeietät, 1872. x 


Grobben, “ Die Geschlechtsorgane von Squilla mantis,” Sitzungsber, der 
Akad, der Wissenssh., Wien, 1876, 
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The sub-order Stomatopoda, with which formerly the Schizopoda, 
the genus Zeucifer and the Phyllosomata (which are now known to 
be the larve of Scyllarus and Palinurus) were united, is confined 
at the present day to the small and well-defined group of forms 
included in the Squillide. 

They are Zhoracostraca of considerable size and of elongated 
shape, with a broad, well-developed abdomen, which is much more 
extensive than the anterior part of the body and terminates in an 
extraordinarily large caudal fin. The cephalo-thoracie shield, which 
is formed of comparatively soft integument, is short and leaves 
at least the three large posterior thoracie segments to which the 
biramous swimming feet belong quite uncovered. The short segments 


‘of the maxillipeds also are not fused with the carapace. 


Appendages.—The anterior part of the head with the eyes and 
antenne is movable, and the ventral portions of the following 
segments covered by the cephalo-thoracie shield are capable of 
limited movements upon one another (fig. 369). The anterior 





Fıs. 369.—Squilla mantis. A’, A’, antenn®; Xf, Kf”,the anterior maxillipeds on the 
cephalothorax ; 3’, B”, B”', the three pairs of biramous legs. 
internal antenn® consist of a long three-jointed shaft, bearing three 
multiartieulate flagella. The second pair of antenne has a large 
scale on the outer side of the multiarticulate flagellum (fig. 369). 
The mandibles, which are placed far back, are provided with a slender 
three-jointed palp. The maxille are relatively small and weak. 
The five following pairs of pediform appendages are crowded 
together close to the mouth, and on this account have been appro- 
priately described as oral feet. They all bear at their base a 
discoidal plate, which, in the case of the two anterior pairs, attains a 
considerable size. The anterior pair alone (first maxilliped) is 
slender and palpiform ; it ends, however, in a small chela, which 
serves to seize the prey. The chela in this and all the other 
maxillipeds of the Stomatopoda is formed by the terminal joint 
turning back and biting on the penultimate joint. The maxillipeds 
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of the second pair are by far the largest ; they are moved more or 
less outwards and are provided with a very large chela. The three 
following. pairs resemble each other in size and structure, each 
ending in a smaller rounded chela. Accordingly there remain for 
locomotion only the three pairs of legs of the last three uncovered 
thoraeie segments; they have the form of biramous swimming feet. 
The abdominal swimming feet, however, are much more developed 
and bear the branchial tufts on their external lamell». 

The two sexes are only slightly different. The male is, however, 
easily to be recognised by the possession of the pair of rods at the 
base of the last pair of thoracie feet, and also by the slightly modified 
form of the first pair of abdominal feet. 

Metamorphosis.— The 
post - embryonie development 
consists of a complicated 
metamorphosis, which, unfor- 
tunately, is as yet not com- 
pletely known to us. The 
youngest larv» observed (about 
2 mm. long) already possess 
all the segments of the tho- 
rax; but the abdomen, except 
the caudal plate, is still un- 
developed. They are thus 
very different from the Zoza 
of the Decapoda. Later 
larval stages are described 
as Alima and Erichthus (Ag. 
370). 

Fıs. 370.—Young Alima larva. Af. Abdominal The Stomatopoda are found 


feet (pleopods); Mxf’, anterior maxillipeds; s in t 
Mxf'', the large maxillipeds (second pair), ezelusively he warmer 
seass. They are excellent 


swimmers and live by preying on other marine animals. 





Fam. Squillide. Squwilla mantis Rond., Sg. Desmarestii Risso, Adriatic and 
Mediterranean, : 


(3) Sub-order: Schizopoda.* 

Small Thoracostraca with large, usually soft cephalo-thoracie shield 
and eight pairs of biramous thoracie feet, which are similarly formed 
and Frequently bear freely-projecting gülls. 

*G,O, Sars, “ Hist, nat. des Crustacds d’eau douce de Norvege,” Christiania 
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In their outward appearance the Schizopoda resemble the long- 
tailed Decapods, inasmuch as they possess an elongated and usually 
compressed body, a large cephalo-thoracie shield covering the thoracie 
segments more or less completely and a well-developed abdomen. 
In the structure of their maxillipeds and thoracie legs, however, they 
differ essentially from the Decapods and approach the more advanced 
larve of the prawns, which they also resemble in their simpler 
internal organization. Further, in all the deep sea forms the cephalo- 
thoracie shield leaves a greater number of the thoracie segments 
free (Siriella), and in the early larval stages all the thoracie seg- 
ments are free as in Nebalia. A larger or smaller number of these 
free segments subsequently fuse on the dorsal side with the carapace 
(Gnathophausia). 

Appendages.—The first three pairs of thoracie appendages (the 
homologues of the maxillipeds of the Decapoda) are biramous 
ambulatory legs and resemble in structure the following thoracie 
legs, which, by the possession of a multiarticulate setigerous exopodite, 
are adapted both for swimming and for producing currents in the 
water. The two anterior pairs, however, show a closer relation to 
the oral appendages by their shorter and stouter form and by the 
presence of processes on the basal joint (Mysis, Süriella). The 
prineipal ramus (endopodite) of the leg is always relatively slender 
and ends with a simple weak claw or with a multiarticulate tarsal 
flagellum. Rarely (Zuphausia) the two last pairs of thoracic legs are 
entirely rudimentary, except as regards the largely developed bran- 
chial appendages. The abdominal legs are usually small and 
delicate in the female, but are strongly developed in the male. 
Sometimes they are of abnormal size and form (to assist in copula- 
tion), but only exceptionally (male of Siüriella) bear gills. The 
appendages of the sixth segment, which is usually very much 
elongated, are always lamellar, biramous structures and form with 
the telson a powerful caudal fin (fig. 371). The inner lamella or 
endopodite of this pair of limbs frequently contains an auditory 
vesicle. 

The differences between the males and females are so great that 
formerly they were placed in distinet genera. The former possess, 
on the anterior antenne, a comb-shaped prominence bearing a great 
number of olfactory hairs; and, owing to the larger size of the 


1867. G. O. Sars, “Careinologiske Bidrag til Norzes Fauna. Mysider,” 
Christiania, 1870 and 1872. R. v. Willemoes-Suhm, “ On some Atlant. Crus- 
tacea,” cf, Trans. Lin. Soc., 1875, 


x 
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abdominal feet, of which the anterior may, moreover, be provided with 
copulatory appendages, they are capable of a more rapid and perfeet 
locomotion than the females, to which fact corresponds again the 
greater respiratory requirements and the possession of branchial 
appendages in Süriella. 

Development. —The females bear on the two posterior (Mysis) or 
at the same time also on the median and anterior (Zophogaster) pairs 
of thoracie limbs lamells, 
which form a brood pouch, in 
which, as in the Arthrostraca, 
the large eggs undergo their 
embryonice development. In 
other cases (Euphausia), the 
development proceeds by meta- 
morphosis. The young Zu- 
phausia is hatched asa Nau- 
plius larva, on which the three 
following pairs of appendages 
(maxille and first maxillipeds) 
soon appear as small promi- 
nences. The large carapace 
of the Nauplius, which is 
curved forwards round the 
base of the antenne where it 
has a serrated edge, is the first 
rudiment of the cephalo-tho- 
racic shield, and beneath it, 
at the sides of the unpaired 
eye, the rudiments of the late- 
ral eyes are visible. The larva 
then, having moulted, assumes 
first the form of the Proto- 
zoxa and then of the Zoxa 
A: u en Female with brood (described by Dana as Calyp- 

Seslcle; a topis), which is however pro- 

vided with only six pairs of 

appendages and a long, already fully segmented, apodal abdomen. 

In the numerous succeeding larval stages (Fureilia, Oyrtopia) the 
remaining appendages are successively developed. 





Fam. Mysid®. Mysis vulgaris Thomps,, M. flexuosa O. Fr. Müll., M/. inermis 
Raethk, Northern seas Siriella Edwardsii Cls, 
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Fam. Euphauside. Zuphausia splendens Dana, Atl. Ocean. Zhysanopoda 
norwegica Sars,. 
Fam. Lophogastride. Lophogaster typieus Sars, Norway. 


(4) Sub-order : Decapoda.* 


Podophthalmia with large dorsal cephalo-thoracic shield, which is 
usually fused with all the segments of the head and thoraw. They 
have three (two) pairs of mazxillipeds and ten (twelve) ambulatory 
limbs, some of which are armed with chele. 

The head and thorax are completely covered by the dorsal carapace, 
the lateral expansions of which cover the basal joints of the maxil- 
lipeds and legs, forming a branchial chamber on either side, in which 
the gills are concealed. Only the last thoracie segment may retain 
its independence and be more or less movable. The shell is pro- 
longed into a frontal spine (the rostrum) between the eyes. The 
firm, caleified integument of the dorsal carapace presents, especially 
in the larger forms, symmetrical prominences caused by the sub- 
jacent internal organs: these may be distinguished as regions and 
named in accordance with the internal organs. 

The abdomen presents considerable differences both of size and 
form throughout the sub-order. In the Macrura it is of considerable 
size, possesses a hard exoskeleton, and, in addition to the five pairs of 
feet of which the anterior are often aborted in the female, is 
provided with a large swimming fin (the telson and the pair of 
large swimming feet of the sixth segment). In the Brachyura the 
abdomen is without a caudal fin and is reduced to a broad (female) 
or a narrow triangular (male) plate, which is bent up against the 
concave sternal surface of the thorax. The abdominal feet also are 
slender and styliform, and in the male are only developed on the two 
anterior segments. 

Appendages.—The anterior antenn® in the Brachyura are often 
concealed in lateral pits; they usually arise beneath the movably 
articulated eye-stalks, and consist of a three-jointed basal portion 
bearing two or three multiarticulate flagella. The posterior antenne 

* Herbst, “ Versuch einer Naturgeschichte der Krabben und Krebse,” 3 
Bde., Berlin, 1782-1804. Leach, “ Malacostraca podophthalma Britannis,” 
London 1817 to 1821. Th. Bell, “ A history of the British stalk-eyed Crustacea,” 
London, 1853. H. Rathke, ‘ Untersuchungen über die Bildung und Entwick- 
elung des Flusskrebses,”’ Leipzig, 1829. Spence Bate, “On the development 
I£ Decapod Crustacea,” Phil. Trans. of the Roy. Soc., London, 1859. C. Claus, 
“ Zur Kenntniss der Malacostrakenlarven,” Würzb. naturmiss. Zeitsehr., Tom 


II., 1861. Fr. Müller, “Die Verwandlung der Garneelen,” Archiv für 
Naturgesch., Tom XIX., 1863. Fr. Müller, * Für Darwin,” Leipzig, 1864. 
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are usually inserted externally and somewhat ventrally to the first 
pair on a flat plate placed in front of the mouth (epistom or oral 
shield) : they frequently possess a scale-like lamellar appendage. At 
their base there is always a protuberance with a pore at its end, 
through which the duct of the antennal gland (green gland) opens. 

The mandibles vary considerably in shape in the different forms, 
but have, as a rule, a two or three-jointed palp, which, however, is 
absent in many prawns (Caridide). They are either straight and 
strongly toothed on their thiekened anterior edge (Brachyura), or 
are slender and much bent (Orangon), or else forked at the ends 
(Palemonide and Alpheide). The anterior maxille always consist 
of two lamelle and a palp, which is usually simple. The posterior 
maxille, on which there are usually four lamelle (two double 
lamellee) as well as palps, bear a large respiratory plate with setose 
edges (scaphognathite). These are followed by three pairs of 
maxillipeds, which, as a rule, have a flagellate appendage. There 
remain, therefore, only 
five pairs of thoracie 
appendages for use as 
legs; of these the two 
last are sometimes re- 
duced or may even be 
entirely absent (LZeuei- 
N /er) as the result of 
Fıe. 372.--Young form (larva) of the lobster (after G. retrogressive changes. 

masiliped, Fanteriorambulstoryleg The thoracie segments 

to which the ambulatory 

legs belong are, as a rule, all or all but the last fused together 

and form on the ventral side a continuous plate, which in all the 

Brachyura is broad. The legs consist of seven joints, which corre- 

spond to those of the Arthrostraca, and frequently end with a chela 
or prehensile hand. 

Development.— The greater number of marine Decapoda leave 
the egg membranes in the zoxa form; in HZomarus, amongst the 
Macrura, the metamorphosis is much reduced and the just-hatched 
young possesses all the thoracic legs, which are, however, provided 
with external swimming rami, but it is still without the abdominal 
feet: (fig. 372). 

Embryonic development.—In addition to the classical researches 
of Rathke* on the crayfish, more recent works, especially those of 

* Besides Rathke 1. c. and Lereboullet 1. c.,,and a Russian paper of Bobretzky, 
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Bobretzky (prawns and cray-fish) and Reichenbach (eray-fish) have 
yielded important results. The segmentation seems (in all cases?) 
to be superficial (centroleeithal), that is, to be confined to the 
peripheral yolk (formative yolk). This divides successively into two, 
four, eight, and an increasing number of segmentation cells, while 
the central. granular food yolk, which is rich in oil globules, remains 
unsegmented. The young of Astacus, when hatched, resemble the 
adult animal, excepting that the caudal fin is still rudimentary. 


I.—MAcorURA. 


The abdomen is strongly developed and is at least as long as the 
anterior part of the body; there are four or five pairs of abdominal 
feet and a broad, well-developed caudal fin. The antennules bear 
two or three flagella, the antenne have one simple flagellum and 
frequently bear a scale at the base. The maxillipeds of the third 
pair are long and pediform and do not completely cover the pre- 
ceding ones. The Zoe@a larva, when hatched, is elongated and has 
usually three pair of biramous feet. 


Fam. Caridide. Prawns. Body laterally compressed, with a thin shell, which 
is often provided with a median ridge and prolonged into a saw-like frontal 
process. The posterior (external) antenn&® are inserted beneath the anterior 
(internal) and have a large scale projecting over the stalk. The long and 
slender anterior pairs of ambulatory legs frequently end in chele. They live in 
shoals near the coast. Some genera (Pen@us) possess a mıdimentary swimming 
ramus. Palemon squilla L., Crangon vulgaris Fabr., Pontonia tyrrhena Risso, 
lives between the shells of bivalves. sSergestes atlanticus Edw. 

Fam. Astacide. Tolerably large, usually with a hard shell. The cephalo- 
thorax isslightly compressed, the abdomen flattened. The antenn« are attached 
near the antennules, and bear a small or quite reduced scale at their base. The 
first pair of ambulatory feet ends with large chel®, as do in many cases the 
weaker and smaller second and third pairs. Some soft-skinned forms bury 
themselves in the mud or sand. Astacus fluviatilis Rond., Crayfish. Homarus 
vulgaris Bel., Lobster. Nephrops norwegieus L., Gebia Leach., Thalassina 
Latr., Callianassa subterranea Mont., buries itself in sand on the sea-shore. 

Fam. Loricata. With very hard, rough armour, and large broad abdomen 
The antennules end with two short flagella ; all five pairs of ambulatory feet 
with simple claws. The larve are described as species of Phyllosoma. 
"Palinurus quadrieornis Latr. Seyllarus latus Latr. 

Fam. Galatheide. With broad, rather large abdomen, and well-developed 
caudal fin. The first pair of legs is chelate, the last is weak and reduced. 
Galathea strigosa L. 

Fam. Hippide. Cephalo-thoracie shield long ; end of the abdomen curved. 
The first pair of legs usually with a finger-shaped terminal joint; the last is 


Kiew, 1873, compare H. Reichenbach, “ Die Embryonalanlage und erste Ent- 
wickelung des Flusskrebses,” Zeitschr. für wiss, Zool., Tom XXIX., 1877. 
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weak. Zippa eremita L., lives buried in the sca sand, Brazil, Albunea 
symmista Fabr., Mediterranean. 

Fam. Paguride, Hermit crabs. Abdomen long, usually covered with a soft 
skin and distorted, with narrow anal fin and rudimentary abdominal feet. 
The first pair of feet ends with powerful chelz, the two last are reduced. Some 
of them seek shelter in empty snail shells, to protect their soft-skinned abdo- 
minal region. Pagurus Bernhardus L., Cenobita rugosa Edw., Birgus latro 
Herbst, said to climb palm-trees. 


II.— BrAcHYura. 


With pits for the reception of the short internal (anterior) antenne 
and so-called orbits, 2.e., cavities for the reception of the stalked eyes. 
Abdomen short and reduced, without caudal fin, curved round against 
the excavated ventral surface of the thorax; in the male narrow and 
pointed, with only one, more rarely two pairs of abdominal feet; in 
the female broad, with four pairs of abdominal feet. In the female 
each oviduct dilates to form a bursa copulatrix. The third pair of 
maxillipeds have broad flat joints and completely cover the anterior 
mouth parts. The just-hatched Zowa larve of stout shape, with 
only two pairs of biramous feet and a dorsal spine ; later they assume 
the Megalopa form. Many Brachyura live on land. 


Fam. Notopoda. Transitional between the Brachyura and Macrura. The 
two or four posterior thoracic feet are articulated higher up than the four or three 
posterior pairs, and shifted on to the back. The first pair of feet has large 
chel®, the last is often modified to swimming feet. Porcellana platycheles 
Penn, Dromia vulgaris Edw., Lithodes. Latr, 

Fam. Oxystomata, With rounded cephalo-thorax. The frontal region does 
not project. The buccal frame is triangular. The male genital openings are on the 
basal joint of the last pair of thoraeic legs. Calappa granulata L., Ilia nucleus 
Herbst, Mediterranean. 

Fam. Oxyrhyncha, Cephalo-thorax usually triangular, with projecting 
pointed rostrum. There are nine gills on either side. The male genital 
opening is on the basal joint of the last pair of thoracie legs. The thoraeic 
ganglia are united into one mass, They do not swim but crawl. Inachus 
scorpia Fabr., Maja sqwinado Rond., Pisa armata Latr., Stenerhynehus Lam. 

Fam. Cyclometopa,. With broad, short cephalo-thorax, rounded anteriorly. 
Without projecting frontal rostrum. There are nine gills on either side, The 
male genital opening is on the basal jointof the last pair of thoracielegs. Some 
of them are good swimmers. Cancer pagurus L., Xantho rivulosus Risso, 
Mediterranean. Carcinus menas L., Portunus puber L. 

Fam. Catometopa, Quadrilatera. Cephalo-thorax quadrilateral. Frontal 
region is curved downwards. There are fewer than nine gills. The male 
genital openings usually lie on the sternum. Some of them live for a long 
time away from the water. Some live in holes in the earth, as land crabs. 
Pinnotheres pisum L., in the shells of Mytilus. . veterum Bose., in the shells 
of Pinna ; known to the ancients, who thought that there was a relation of 
mutual assistance between the crab and the mollusk. Ocypoda cursor Bel, 
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@elasimus forceps Latr., Grapsus varius Latr., @ecareinus ruricola L., Land 
Crabs. Water is retained for a long time in the branchial cavities, owing to the 
presence of secondary spaces around the branchial plates, which are thus pre- 
vented from sticking together.” They live in holes in the earth in the Antilles, 





IIL—GIGANTOSTRACA. 


The Xiphosura or Poecilopoda, represented by the living genus 
Limulus and the orders of the fossil Merostomata, may be united 
under this head, as opposed to the Z’ntomostraca and Malacostraca. 

They are prineipally characterised by the possession of a single 
pair of appendages placed in front of the mouth and innervated from 
the cerebral ganglion, also by the presence of four or five pairs of 
legs, which are placed round the mouth and whose basal joints are 
modified to form large mandible-like masticatory organs. Behind 
the last pair of legs there is a simple or cleft prominence, forming 
a sort of underlip. The region of the body which bears these appen- 
dages is to be considered as an unsegmented cephalo-thorax ; it is 
shield-shaped and may be drawn out into projecting wing-shaped 
lateral portions. On its upper surface two small median frontal eyes 
as well as two large lateral eyes can be distinguished. Following the 
cephalo-thorax there is an abdomen, which is usually elongated and 
composed of a greater number of segments. The abdomen tapers 
posteriorly and terminates in a telson, which may be flat or drawn 
out into the form of a spine. 


Order 1.—MEROoSTOMATA.* 


Gigantostraca with five pairs of appendages on the cephalo-thoraw 
which is relatively short; with an elongated apodal abdomen, usually 
composed of twelve segments and ending in a flat or styliform telson. 

The powerful body of the Zurypteride (included with the Pecilo- 
‚poda by Woodward), as the most important family of the Merostomata 
is named after the genus Zurypterus, consists of a cephalo-thoracie 
shield with median ocelli as well as large projecting marginal eyes, also 
of an abdomen with numerous (usually twelve) segments which become 
longer posteriorly, and of a caudal shield, which is prolonged into a 
spine. Round the mouth on the underside of the cephalo-thorax 


* Woodward, ‘“ Monograph of the Brit. fossil Crustacea beloneing to the 
order of Merostomata.” P.I., & 11., Paleont. Soc. of London, 1866-1869. Wood- 
ward, ‘‘ On some points in the structure of the Xiphosura, having reference to 
their relationship with the Eurypterida,” Quarterly Journ. Geol. Soc. of London, 
1867 and 1871. 
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there are five pairs of long spiny legs, of which the sast is much the 
largest and ends in a broad swimming-fin. Some of the anterior 
appendages may be armed with a chela. The resemblance of the true 
Eurypteride (in the general shape of their body) to the Scorpionide 
is very striking, while the genus Hemiaspis presents afünities to the 
Pecilopoda. The most important forms are: Hurypterus pygmeus 
Salt., Devonian strata, Pterygotus anglicus Ag., four feet long, from 
the upper Silurian (fig. 373). f 





Fıe. 373, —Eurypterus remipes after Nieszkowski. a, Dorsal view; d, ventral view; O, eyes; 
St. caudal spine; H, hypostome. 


Order 2.—XIPHOSURA.* 


Gigantostraca whose body is divided into three parts, which are 
movably articulated together ; a large shield-shaped cephalo-thorar, an 
abdomen with five pairs of lamellar feet and a long movable caudal spine. 

The large body of these Crustacea is covered with a strong chiti- 

* (0. Gegenbaur, “ Anatomische Untersuchung eines Limulus, mit besonderer 
Berücksichtigung der Gewebe,” Abhandl. der naturforsch. Gesellschaft zu 
Halle, IV., 1858. Packard, “The Development of Limulus Polyphemus,’” Soc. 
of Nat. Hist.,1870. A. M. Edwards, “ Recherches sur l’anatomie des Limules.” 


Ann. sc. nat. V® Ser. Tom. XVII, 1872-1873. - [E. R, Lankester, “ Limulus 
an Arachnid,” Quart. Journ. Mic. Soe., vol. xxi.] 
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nous armour and is divided into an arched cephalo-thorax and a flat, 
almost hexagonal abdomen, which ends in a movable sword-like 
caudal spine. The cephalo-thorax (fig. 374) forms by far the larger 
part of the body; it bears on its arched dorsal surface two large 
compound eyes, and further forwards, nearer the middle line, two 
smaller simple eyes; while on its ventral surface there are six pairs 
of appendages, of which the anterior pair 
is slender and may, on account of its 
position in front of the mouth, be re- 
garded as a pair of antenne, although it 
ends, like the others, with a chela. The 
latter are placed to the right and left 
of the mouth, and their coxal joints serve 
as organs for the mastication of the food. 
At the end of the cephalo-thorax there 
is a pair of lamellar appendages, which 
are connected in the middle line and form 
a kind of operculum for the branchial ap- 
pendages of the abdomen. It seems of 
interest that the form of this branchial 
operculum in the Asiatice and American 
species presents constant differences, in 
that the median portion in the former is 
undivided, and in the latter consists of 
two joints. The shield-shaped abdomen 
which, by means of a transverse joint, is 
movable on the cephalie shield in a dorso- 
ventral direction, is armed on either side 
with movable spines, and bears on its ven- 
tral surface five pairs of lamellar feet, 
which are almost completely covered by 
the opereulum. These abdominal feet 





Fıs. 374.—a Limulus moluecanus, 


assist both in swimming and in respira- seen from the dorsal side 
R A , (after Huxley). O, eyes; St, 
tion, since the respiratory lamelle are caudal spine. b, L. rotundi- 


placed on them (fig. 374, a, b). ae (after M. Be), 
i a8 : the ventral side. 

The internal organization attains a re- Ne a vi ne 

lativelyhigh developmentin correspondence their coxal jaws; X, gills; Op, 

F operculum. 

with the large size of the body. In the 

nervous system the following parts can be distinguished :—a broad 

«sophageal ring, the anterior part of which constitutes the brain 

and gives off the optie nerves, while from the lateral parts the 

al 
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six pairs of nerves to the antenn« and legs take their origin; a 
subesophageal ganglionie mass with three transverse commissures ; 
and a double ganglionie cord, which gives off branches to the ventral 
feet and ends with a double ganglion in the abdomen. The alimen- 
tary canal consists of esophagus, masticatory stomach, and a straight 
intestine communicating with a liver and opening by the anus, which 
is placed immediately in front of the base of the caudal spine. 

The heart is elongated and tubular, and is pierced by eight pairs 
of slits, which can be closed with valves; it is also provided with 
arteries, which, after a short course, pass into lacunar blood paths. 
From the base of the gills, two spaces, returning the blood, extend to 
the pericardial sinus. 

Five pairs of appendages of the abdominal feet function as gills. 
These are composed of a very large 
number of delicate lamellz, Iying one 
on another like the leaves of a book. 

Generative organs.—The branched 
ovaries unite to form two oviducts, 
wlich open by separate openings on 
the under side of the operculum (first 
pair of abdominal limbs); in the male 
the openings of the two seminal duets 
are placed in the same position. In 
the male, the anterior thoracie feet 
end in simple claws. 

Development. —It is known that the young leave the egg without 
the caudal spine and often without the three posterior pairs of gill- 
bearing feet. This stage has been suitably named the Trilobite 
stage, on account of the resemblance which the larva presents to a 
Trilobite (fig. 375). On the cephalie shield there is a median keel- 
like ridge, which is also found on the abdominal segments. The 
last abdominal segment includes between its lateral portions the 
short rudiment of the caudal spine, In the.next stage the segmen- 
tation of the abdomen becomes less obviousj(the caudal shield 
becomes consolidated) and the caudal spine developed. 

The adult animals reach a length of several feet, and live 
exclusively in the warm seas, in the Indian Archipelago and on the 
east coast of America. They exist at a depth of two to six fathoms 
and move about in the mud by the alternating bending and 
straightening of the cephalie and abdominal shields and the caudal 
spine. Their food consists chiefly of Nereids. They are found in a 





Fıg. 375.—Embryo of Zimulus in the 
Trilobite stage (after A. Dohrn), 
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fossil state, especially in the Sohlenhofen lithographie slate, but also 
in older formations as far back as the Uebergangsgebirge (Cambrian, 
Silurian, ete.) formation. 


Limulus molucecanus Latr., East Indies. Z, polyphemus L., East Coast of 
North America, 


TRILOBITA.* 


In connection with the Merostomata and the Xiphosura, the 
Trilobites may be considered. Their systematie position cannot as 
yet be defined with certainty. 
They lived only in the most an- 
cient periods of the earth’s his- 
tory, and their fossil remains are 
found in great numbers and are 
excellently preserved; but, un- 
fortunately, the conditions under 
which they were fossilised were 
such that the under side of the 
body, and, consequently, the 
structure of the appendages, that 
is the very characters which 
would enable us to decide their 
affinities, remain unknown to 
us. We may probably infer 
from this absence of any trace of 
appendages * in the fossils, that 
the legs were soft and delicate; 
but Burmeister’s conclusion that 
they resembled the legs of the Fıe. 376.—Diagram of Daulmatites (after 

PR . un Pictet). @/, Glabellum ; Sf, great suturo 
RB hyllopoda is not justified. (ocular suture); 0, eyes; Ge, separable gena 

The body, which is frequently (cheeks) ; Rh, rhachis (tergum) ; Pl, pleu- 
found rolled up, is covered with RE 
a thick shell, which is divided by two parallel longitudinal furrows 
into an elevated median portion (rhachis) and two lateral portions 
(pleura): it rarely attains any considerable size. There is an 





* Burmeister, “Die Organisation der Trilobiten,” ete., Berlin, 1843. Beyrich, 
“Untersuchungen über Trilobiten,” Berlin, 1845, 1846. J. Barrande, ‘“ Systeme 
silurien du centre de la Boh&me,” Prague, 1852. S. W. Salter, ‘“ A monograph 
of the British Trilobites,” London, 1864-1866. 

* Portions of appendages have been recently observed on the ventral surface 
of an Asaphus (' Notes on some Specimens of Lower Silurian Trilobites,” by 
E. Billings ; also “ Note on the Palpus and other appendages of Asaphus,” etc., 
by H. Woodward, Quart. Journ. of the G@eolog. Soe., London, 1870), wbich are 
said to point to the aflinity of Zrilobites with the Isopoda. 
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anterior arched, semicircular region, which may be regarded as 4 
head or perhaps as cephalo-thorax, and a number of sharply dis- 
tinet segments, which belong partly to the thorax and partly to 
the abdomen and are terminated by a larger shield-shaped caudal 
portion, the pygidium (fig. 376). 

At the edge of the pygidium, the armour of the upper surface is 
folded round on to the ventral side and leaves only the middle part 
of the latter uncovered. The lateral regions of the head, the 
median part of which especially projeets as the “ glabellum,” bear 
usually upon two protuberances large compound facetted eyes, and 
are often prolonged into two very long backwardly direeted spines; 
they are also folded inwards on to the ventral surface. With 
the exception of a plate (hypostoma) comparable to the under-lip 
of Apus, no trace of mouth parts has been observed for certain on 
the ventral surface of the head. The number of thoracie (trunk) 
segments varies considerably, but is.tolerably definite for the adults 
of each species. Their lateral portions are likewise folded inwards 
on to the ventral surface, and present variously shaped wing-like 
processes and long pointed spines. 

The Trilobites lived in the sea, probably in shoals in shallow water 
near the coast. Their fossils are amongst the most ancient remains 
of animal life, and are found principally in Bohemia, Russia, Sweden 
ete., in the lowest strata of the Uebergangsgebirge (Cambrian, 
Slurian, ete.) They have been divided into numerous families 
according to the structure of the head (especially of the glabellum), 
the form of the pygidium and the number of segments. The most 
important genera are Calymene Blumenbachii Brogn ; Olenus gibbosus 
Wahlb., Zllipsocephalus Hofii Schlotth. 


Class IL.—ARACHNIDA.* 


Air-breathing Arthropoda with fused head and thorax, with two 
pairs of jaws, four pairs of ambulatory legs and apodal abdomen. 

The Arachnida include animals of extraordinarily different form, 
The head and thorax are almost invariably fused to form a short 
cepholo-thorax ; but the condition of the abdomen presents very 
great variations. i 

* ©. A. Walckenaer et P. Gervais, “ Histoire naturelle des Insectes Apteres,” 
3 Vols., Paris, 1837-1844. Hahn und Koch, “ Die Arachniden, getreu nach 


der Natur abgebildet und beschrieben,” Nürnberg, 1831-1849, E, Blanchard, 
.“ Organisation du regne animal. Arachnides,” Paris, 1860. 
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In the Spiders (Araneida) the abdomen is swollen and is joined 
to the cephalo-thorax by a short stalk. In the Scorpionide, on the 
contrary, the long abdomen is joined to the cephalo-thorax by its 
whole breadth, and is divided into a broad segmented pr&-abdomen 
and a narrow, very movable post-abdomen, which is also seg- 
mented. In the Mites (Acarina) the abdomen is unsegmented and 
fused with the cephalo-thorax. In the Pentastomid« the entire 
body is elongated, ringed and vermiform, with four (two pairs of) 
hooks in place of the appendages; these animals are known as 
Linguatulida, and might be placed, on account of their parasitism, 
amongst the intestinal worms. 

The marked reduction of the cephalie region, which is without 
true antenn® and possesses only two pair of oral appendages, is 
characteristice of the Arachnida. The anterior pair of cephalic 
appendages (chelicer®), which are used as jaws, have been regarded 
as modified antenn®; but it is perhaps more natural to regard them 
as morphologically equivalent to the mandibles of Crustaceans and 
Insects. These anterior jaws or chelicere are either chelate, in 
which case the claw-like terminal joint can be moved against a 
process of the preceding joint (Scorpions, many Acarina), or sub- 
chelate, when the last joint is folded down upon the next like the 
blade of a pocket-knife upon the handle (Spiders). 

The chelicere may also have the form of stylets, which are 
enclosed in a tube formed by the second pair of jaws (Mites). The 
latter, which constitute the second pair of appendages of the head or 
the pedipalpi, consist of a stout basal joint and a palp, which has fre- 
quently the form and segmentation of aleg. This either ends with 
or without a claw or with a chela (Scorpions). In the true Spiders 
there is an unpaired plate, the lower lip, between the basal joints of 
the two pedipalpi and belonging to the same segment as the latter. 
The four following pairs of appendages of the thorax are ambulatory 
legs. The first of them is sometimes modified in form and elongated 
like a palp ; its basal joint may function as a jaw. The legs consist 
of six or seven joints, which, in the higher forms, have been called by 
the same names as the analogous regions of the Insect leg. 

The internal organization of the Arachnida shows hardly fewer 
differences than does that of the C’rustacea. The nervous system 
may have the form of a common ganglionie mass around the «&so- 
phagus (Mites), and may even possess only a simple commissure 
above the &sophagus (Pentastomida). Asa rule, however, there is a 
distinet separation between brain and ventral cord, the latter showing 
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very different grades of development. Visceral nerves have been 
shown to exist in the Spiders and Scorpions, The sense organs are, 
as a rule, not so highly developed as in the C’rustacea, and, putting on 
one side the tactile function of the extremities, are confined to eyes. 
The eyes are simple and immoyable, and never possess a facetted 
cornea; they are from two to twelve in number, and are sym- 
metrically arranged on the anterior surface of the cephalo-thoracie 
shbield. Auditory organs have not yet been discovered, but there 
are tactile and olfactory organs. 

The alimentary canal runs straight from the mouth to the hind 
end of the body, and is divided into a narrow esophagus and a wide 
intestine, which is, as a rule, provided with lateral czca. The intes- 
tine is, in the Spiders and Scorpions, divided into an anterior dilated 
portion—the so-called stomach—and the intestine proper. The 
glandular appendages of the digestive canal are salivary glands; in 
Spiders and Scorpions, a liver, composed of a number of branched 
canals ; and, with a few exceptions, Malpighian tubes, which function 
as urinary organs and open into the hind end of the intestine. 

The organs of eirculation and respiration also show very different 
degrees of development and are only absent in the lowest Mites. 
The heart lies in the abdomen, and is a long, many-chambered dorsal 
vessel with lateral slits through which the blood enters. It is fre- 
quently continued into an anterior and posterior aorta, and in 
Scorpions gives off in addition lateral branching arteries. The organs 
of respiration are internal air chambers, which have the form either 
of ramified tubes (trache®), or of hollow lamell® (fan-trachee, lungs) 
placed upon one another in great number like the leaves of a book 
and connected together by trabecule so as to have the form of a sac. 
The air chambers are always kept open by a firm internal chitinous 
membrane, so that the air can enter by the paired openings (stig- 
mata) of the trachex or lungs at the beginning of the abdomen, 
and be distributed to the finest ramifications. The chitinous lining 
may become thickened so as to give rise to a spiral fibre. 

Generative organs.— With the exception of the hermaphrodite 
Tardigrada, all the Arachnida are of separate sexes,. The males are 
frequently distinguished by external characteristics, as for example 
by their smaller size, by the possession of organs of attachment 
(Mites), or by the modification of certain appendages. Their genera- 
tive organs consist of paired testicular tubes, and the vasa deferentia 
often receive the contents of accessory glands before opening to the 
exterior by a single or double aperture at the base (anterior end) of 
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the abdomen. Special copulatory organs in the region of the genital 
openings are, as a rule, wanting, but appendages far removed from 
the genital openings (e.g., pedipalpi of Spiders) often serve to transfer 
the sperm from the male to the female. The female sextual organs 
are also paired, usually racemose glands, with two oviducts, which 
usually dilate to a receptaculum seminis before their single or double 
opening at the beginning of the abdomen. They are also connected 
with accessory glands. Rarely (Phalangium) there ıs a long pro- 
trusible ovipositor. 

Only a few of. the Arachnida are viviparous (Scorpions and some 
Mites); the greater number lay eggs, which they sometimes 'carıy 
about with them in sacs till the young are hatched. Asa rule, the 
just-hatched young have the form of the adult; but in most Mites 
two or more rarely four legs are wanting, and appear only with the 
succeeding moults. The development of the Pygnogonida Pentas- 
tomida and Hydrachnea (water-mites) (which latter pass through a 
pupa-like inactive stage) consists of a complicated metamorphosis. 

Almost all Arachnida live on animals, a few on vegetable juices. 
The lowest forms are parasiti. The larger and more highly orga- 
nised forms prey on living animals, principally on Insects and Spiders, 
and are usually furnished with poison weapons, with which they kill 
their prey. Many of them, by means of the secretion of spinning 
glands, spin webs, in which their prey becomes entangled. Most of 
them remain during the daytime beneath stones and in hiding-places, 
and come out to catch their prey only in the evening and at night. 


Order 1.—LiNGUATULIDA,* PENTASTOMIDA. 


Parasitic Arachnida with ringed, elongated, vermiform body, with 
two pairs of hooks in the neighbourhood of the jawless mouth. 

The vermiform ringed body of these parasites, which were for a 
long time taken for intestinal worms, is to be regarded as being 
prineipally formed of the extremely enlarged and elongated abdomen, 
the cephalo-thorax being much reduced; an interpretation which the 
form of the body of the Dermatophili seems to support. In the 
adult, jaws are completely wanting, but there are four curved hooks 
(two on each side of the mouth, fig. 377), which can be protruded 
from pouches in the skin and are attached to special chitinous rods. 
These may correspond to the terminal claws of the two posterior 
pairs of legs, since the two pairs of legs of the larva, which are to 


* R. Lenckart, “Bau und Entwickelungsgeschichte der Pentastomiden,” 
Leipzig und Heidelberg, 1860, 
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be regarded as the anterior appendages, are lost in the course of 
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Fıs. 377.— Pentastomum 

 dentieulatum. Young 
form of P. tenioides. 
O0, Mouth; Hf, the 
four hooks; D, intes- 
tine; A, anus, 








development. The nervous system is confined 
to a simple subesophageal nervous mass, with 
«sophageal ring and giving off numerous ner- 
vous trunks. Eyes and organs of respiration 
and circulation are wanting. The alimentary 
tract is a simple canal in the middle of the 
body, which opens by an anus at the posterior 
end. Special cutaneous glands are present in 
great numbers and strongly developed. Male 
and female are distinguished by considerable 
differences in size and by the different position 
of the genital opening. While the genita 
opening of the surprisingly small male lies not 
far behind the mouth, that of the female is situ- 
ated near the anus, at the hinder end of the body. 
The Zinguatulida, when sexually adult, in- 
habit the air chambers of warm-blooded animals 
and Amphibia. The developmental history of 
Pentastomum teenioides, which lives in the nasal 
cavities and in the frontal sinuses of dogs and 
wolves, is known from the researches of Leuck- 
art. The embryos of this species, while still 
enveloped in the egg-membranes, pass out 
the nasal mucus on to plants, and thence into 
the stomach of Rabbits and Hares, more rarely 
into that of Man. When freed from the egg- 
membranes, they pierce the walls of the in- 





Fıa. 378.—Young forms of Pentastomum tanioides (after R. Leuckart). a, Egg with embryo. 
b, Kınbryo with two pairs of hooked feet, Hf’ and Hf", c, Larva from liver of rabbit. 
G, Ganglion; D, intestine; //d, skin glands. d, Older larva, O, mouth; 4, anus; Gä, 


genital glands. 
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testine and reach the liver. There they surround themselves with 
a cyst, in which they pass through a series of changes of form, ac- 
companied, as in insect larvee, by repeated ecdyses (fig. 378). When 
six months have elapsed, they have attained a considerable size 
and have acquired the four oral hooks, as well as a number of finely 
serrated superficial rings. They have now reached the stage formerly 
described as P. denticulatum (fig. 377), in which they break through 
their capsules and begin a fresh migration. They traverse the liver, 
and if present in great numbers, occasion the death of their host. 
In other cases, on the other hand, they soon become enveloped in 





Fig, 379.—Ripe male of Atfar Bonzi, seen from the dorsal snrface (after E. Claparöde). Kt, 
Pedipalpus; G@, brain; Oc, eyes; T. testis; N, Y-shaped gland; D, intestine; 4, 
anus; Hd, cutaneous glands. 


another cyst. If they now pass with the flesh of the Hare or 
Rabbit into the buccal cavity of the Dog, they penetrate into the 
neighbouring air-chambers, and in two or three months become 
sexually mature. 


Pentastomum tenioides Rud., 80-85 mm., Male only 18-20 mm. long. P. 
maultieinetum Hari., in the liver of Naja haje. P. constrictum v. Sieb. Encysted 
in the liver of negroes in Egypt. 


Order 2.—ACARINA,* MıTEs. 


Arachnida with stout body. The abdomen is unsegmented amd 
*O. Fr. Müller, “Hydrachns,” ete., 1781. A. Dug&s, “ Recherches sur 
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Fused with the thorax. The oral apparatus is adapted for biting or 
piercing and sucking,. Kespiration, as a rule, by means of trachee. 

The body of the Acarina is generally small and possesses a 
stout and unsegmented form. The head, thorax, and abdomen are 
fused into a common mass (fig. 379). The form of the oral 
apparatus varies exceedingly, and may be adapted either for biting 
or for piercing and sucking. The chelicere are accordingly some- 
times retractile styles, and are sometimes furnished with claws or 
chele. In the first case, the bases of the pedipalpi form a sheath 
which surrounds the styliform chelicere and serves as a suctorial 
rostrum, while the peripheral part of the pedipalpus or palp frequently 
projects laterally, and ends 
with a claw or chela. The 
structure of the four pairs of 
legs is not less various, in- 
asmuch as they may serve for 
erawling, attachment, running 
and swimming. They usually 
end with two claws, sometimes 
in parasitie forms with stalked 
suctorial dises. 

The nervous system is re- 
duced to a common ganglionie 
ınass representing the brain 
and ventral cord. Zyes may 
be absent or may be present, 


as one or two pairs of simple 
Fı@. 380—Anatomy of Ixodes Ricinus (after Al. 


Pagenstecher). @, Brain; SpD, salivary gland; AUS 5 N 
Dg, ducts of salivary gland ; D, diverticula of The alimentary canal is 


un A ray organ; Zr, reguentiy provided with sali- 

vary glands, and gives off on 

either side a number of blind saccular diverticula which may be 
forked (fig. 380). 

Heart and blood vessels are invariably absent, but respiratory 

organs are frequently present in the form of trache®, which arise 





l’ordre des Acariens en göneral et les familles des Trombidies, Hydrachnes en 
part,” Ann. des Sc. Nat., II. Ser., Tom. I. and II. H. Nicolet, “ Histoire 
naturelle des Acariens, etc. Oribatides.” Archives du musce d’hist. nat., 
Tom VII. O. Fürstenberg, “ Die Krätzmilben des Menschen und der Thiere,” 
Leipzig, 1861. Al. Pagenstecher, “ Beiträge zur Anatomie der Milben,” I. and 
IL, Leipzig, 1860-1861. E. Claparede, “Studien an Acariden,” Zeitschr, für 
miss. Zool,, Tom XVIIL, 1868. P. Megnin, “Les parasites et les maladies 
aprasitaires, 1880, 
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in tufts from a pair of stigmata, placed, as a rule, before or behind 
the last pair of legs (fig. 380, St). 

The common generative opening is placed as a rule far away from 
the anus, and may be situated anteriorly between the last pair of 
legs (fig. 381, a, 5). There may be a special copulatory opening, as in 





Fısc. 381.—a, Male; b, female genital organs of Argas (after Al. Pagenstecher). 7', Testes ; 
Yd, seminal duct; Dr, prostate gland,; Go, genital opening ; Ov, ovaries; Od, oviduct; 
U, uterus; Dr, glandular appendages. 

the itch-mites (Sarcoptide), through which the sperm passes into the 

receptaculum. The males are often distinguished not only by their 





Fıc. 382.—Larva of a Hydrachna. b, Its pupa. Kf, cheiicera; Kt, pedipalpus ; Oc, eyes; 
B, legs. 

appendages, which are more powerful and of a slightly different 

form, but also by the possession of. posterior suctorial pits, 

and sometimes also by the manner of nourishment and mode 

of life. The Acarina are, with the exception of the viviparous 
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‘Oribatide, oviparous. The young are usually hatched with only 
three pairs of legs, and undergo a metamorphosis, which in 
the Hydrachnide is distinguished by several larval and pupal 
stages (fig. 382 a, b). Very many Mites are parasitie on animals 
and plants, others are predacious and live some on land and others 
in water, 


Fam. Dermatophili, Small elongated mites with long vermiform, trans- 
versely ringed abdomen, with suctorial proboseis, styliform jaws, and four pairs 
of short, two-jointed stump-like feet. The only known genus, Demodex 
(Simonea), lives in the hair follicles of domestie animals (Dog, Cat, Sheep, 
Cow, Horse), and as D. folliculorum Sim. in the hair follicles of Man, where 
they may give rise to comedones (fig. 384). 

Fam. Sarcoptide. Itch mites. Body microscopie in size, stout, and with a soft 
skin, with chitinous rods for the support of the appendages. 
There are no eyes. The oral apparatus consists of a suc- 
torial cone with chelate chelicer& and short laterally-placed 
pedipalpi. The legs are short and 
stump-shaped, and some or all of 
them have stalked suctorial dises, 
The males often have suckers and 
processes at the posterior end of 
the body. The’ females have a 
special vulya and receptaculum 
seminis. They live upon or in 
the skin of Vertebrates, and occa- 
sion the itch and mange. Sar- 
coptes scabiei Dug. (fig. 385), itch 
mitee With numerous pointed 
tubereles, spines and hairs on the 
dorsal surface. Legs five-jointed, 
the two anterior terminate with 
stalked sucker ; the last pair of 
legs in the male ends not, as in 
as . the female, in a bristle, but in a 

er stalked sucker (fig. 385). The 

the vine (after H. Lan- females only bore deep passages 
dois), Ov, Ovaries; 4, in the epidermis, at the end of Jelliculorum (after 

a which they live, and produce by en 

pair of legs. their pricking the skin disease »nedipalpus, 

. known as the itch, The young, 
when hatched, possess only three pairs of legs and undergo several moults. 
The domestie animals are infected‘by different species of Sarcoptide, which 
may be temporarily transferred to man, Dermatodectes communis Fürst, Sym- 
biotes equi Gerl. (fig. 386). 

Fam. Tyroglyphide. Cheese-mites. Of more elongated form, with conical 
proboseis, chelate chelicer®, and three-jointed pedipalpi. The five-jointed legs 
are tolerably long, and have lobes for attachment and claws. Large suckers, 
especially in the male, are often present at the sides of the anus. They live 
on animal and vegetable matters. Zyroglyphus siro Gerv. Iihizoglyphus 
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Robini Clap., on roots. Glyeiphagus fecularum Guer., on potatoes. Z/ypopus 
Dug., according to Megnin and Robin, contains laryal forms, which attach 
themselves to insects by their suckers. 

Fam. Ixodide,. Ticks. Larger usually blood-sucking mites, with strong 
dorsal shield and large, protrusible toothed chelicere. The pedipalpi are three- 
or four-jointed and club-shaped; their bases are joined together to form a 





Fıc. 385.— Sarcoptrs scubiei (after Gudden). a, Male from the ventralside. 5, Female froır. 
the ventral side. ec, Female from the dorsal surface. d,Larva. Xf, Chelicer&; 5, 
third pair of lege. 


proboseis, bearinz recurved hooks (fig. 387). The slender legs end with two claws. 
Two simple eyes are often present. Respiration by trachee. The Ticks live on 
the underwood in forests. The females crawl on to Mammalia and Man, suck 
blood, and become much swollen out. The young, when hatched, have three 
pairs of legs. In tropical countries the Ticks are of considerable size, and are 
amongst the most troublesome parasites. JZxodes rieinus L. I. reduwvius, 
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Fıa. 386.—Symbiotes equi = Chorioptes spathi- Fıg. 387.—Oral apparatus of Jaoder 
ferus, from ventral side (after Me&gnin), (after Al. Pagenstecher), R, Pro- 
a, Male; HG, sucker; d, young female in 


boseis; Xf, chelicera ; Xt, pedipalpus; 


copulatory stage ; c, female ready to lay. B' first pair of legs, 
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Deg., Argas reflexus, Latr., on Pigeons, occasionally on Man, A. persieus 
Fisch. Notorious for its bite. 

Fam. Gamasid®. Beetle-mites. Chelicere chelate. Pedipalpi five-jointed. 
The legs end with two claws and a sucker. Trachex are present. Some of 
them lead a free life and are predacious, some are parasitic on Beetles and on 
the skin of Birds and Mammals. Gamasus coleoptratorum L., Dermanyssus 
avium, Dug., Pteroptus vespertilionis Herm, 

Fam. Hydrachnide, Woater-mites. Body globular, often brightly-coloured. 
Chelicer® usually with a claw-like terminal joint. They have swimming legs, 
and two or four simple eyes. There are trachex. The larve, when hatched, 
adhere with their large suctorial cone to aquatic Insects, on the blood of which 
they live. Hydrachna eruenta, O. Fr. Müll. Atax Bonzi Clap.,in the mantle 
cavityofthe Unios. Limnochares holosericeus Latr. 

Fam. Trombidiide (fig. 388). Body brightly coloured and covered with 
hairs ; the pedipalpus has a claw and a lobe-like appendage. Eyes present. 
Respiration by trachex. The hexapodous young live as parasites on Insecta 





FıG. 389.—Pygnogonum littonale, 
_ (regne animal) AB, pair of legs 
used for carrying the eggs. 





Fıc. 383.—Trombidium holoseri- 
ceum (after Mögnin). 


and Arachnida, sometimes on Mammalia, and on Man, in whom they (as Zeptus 
autumnalis) produce a transitory affection of the skin. Z’rrombidium holose- 
riceum L. Erythraus parietinus Herm. Tetranychus telearius L. Spinning 
mite. 

Fam. Oribatide. Chelicer® retractile and chelate. Pedipalpus five-jointed, 
with toothed biting plate on its basal joint. Ocelli absent. Oribates alatus 
Herm., under moss. 

Fam. Bdellide. The cephalie region is elongated to form a proboscis, and 
is distinet from the rest of the body. Thechelicer® are chelate. The pedipalpi 
are long and thin. The animals creep about on damp ground. Bdella lungi- 
cornis L. 


PYGNOGONIDA.* 


Milne Edwards and Kröyer placed the Pygnogonida among the 
Crustacea ; latterly, however, they have been generally placed between 


* A. Dohrn, “ Die Pantopoden des Golfes von Neapel und der angrenzenden 
Meeresabschnitte,” Eine Monographie, Leipzig, 1881. 
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the Mites and Spiders amongst the Arachnida, although they possess 
a greater number of appendages than either, inasmuch as the males 
have an accessory pair of legs, used in carrying the eggs (fig. 389, A 
B). They are small animals with a conical suctorial proboseis and 
rudimentary abdomen (reduced to a tubercle) ; and they live inthe 
sea, and crawl slowly about amongst the sea-weeds. There are four 
pairs of very long, many-jointed legs, which contain tubular diver- 
ticula of the stomach and the sexual glands. There are no trachez. 
On the other hand, there is a well-developed heart with an aorta 
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Fra. 300.—Ammothea pygnogonoides (regne animal). Da, prolongations of alimentary 
canal into the legs. 


and several lateral ostia. Above the brain lie four small simple 
eyes. There is a considerable ventral chain, composed of several 
ganglia. The eggs are carried about on the accessory pair of legs on 
the thorax of the male (fig. 389) till the larv are hatched. 


Pygnogonum littorale O. Fr. Müller, North Sca. Phoxichilidium Edw., 
Ammothea Leach, A. pygnogonoides Quatr. (fig. 390). 


TARDIGRADA.* 


The Tardigrada constitute a second group, which is often separated 
as a distinet order. They are small mite-like Arachnida, and may 


* Doy£re, “ M&moire sur les Tardigrades,” Ann. des Se. Nat., II° Ser., Tom. 
XIV., XVII, XVIII. ©. A. S. Schultze, “ Macrobiotus Hufelandü, etc,” Berolini 
1834, C, 2:8 Schultze, “ Echiniseus Bellermanni,” Berolini, 1840. Dujardin, 





 hatched. Development takes 
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be defined as hermaphrodite Arachnida with suctorial mouth parts, 
and short stumpy legs, without heart or respiratory organs. 

The body of these small, slowly-ereeping aquatic animals is elon- 
gated and vermiform, and prolonged at the anterior extremity into 
a suctorial tube, from which two styliform jaws can be protruded. 
The four pairs of legs are short tubereles terminated by several 
claws (fig. 391); the last pair is placed at the extreme end of the 
body. The nervous system consists of four ganglia connected by 
long commissures. The first of 
these ganglia corresponds to the 
brain and gives off nerves to two 
simple eyes and to two sensory 
papille. Cireulatory and respi- 
ratory organs are entirely ab- 
sent. The alimentary canal 
consists of a muscular pharynx 
and a stomach beset with short 
cscal diverticula. The ducts of 
two salivary glands of consider- 
able size open into the suctorial 
proboseis (fig. 391). The Tardi- 
yrada are hermaphrodite, and 
possess a pair of testes and an 
unpaired ovarian sac which open 
together into the cloacal termi- 
nation of the intestine. They 
usually lay large eggs at the 
time of moulting, which remain 
enclosed in the old cast-off skin 
till the young animals are 





> : FıG.391.— Macrobiotus Schultzei (after Greeff), 
place without metamorphosis. 0, Mouth; Vm, pharynx; Md, stomach ; 


The animals live in moss and S$pd, salivary glands; Or, ovary; T, testes; 
x Vs, vesicula seminalis. 

alg® in the gutters of roofs, and 
also on the sea-beach, and it is specially worthy of remark that, 
like the Rotifera, they can, by the addition of moisture, be called 
back to life after a long period of desiccation. 

Macrobiotus Hufelandii 8. Sch., Milnesium tardigradum Doy., Eehiniscus 
Bellermanni 8. Sch. 


“ Sur les Tardigrades et sur une espöce & longs pieds vivant dans l’cau de mer,” 
Ann. des Se. nat. Ser. III, Tom XV. Also the works of Kaufmann, Greeff and 
Max. S. Schultze. 
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Order 3.—ARANEIDA * £SPIDERS), 


. 


Arachnida with poison glands in the subchelate chelicer@; with 
pediform pedipalpi and stalked unsegmented abdomen. They have 
four or six spinning mammille, and two or four pulmonary sacs. 

The peculiar shape of the true spiders is due to the swollen and 
unsegmented abdomen, the base of which is constrieted to form the 
stalk by which jt is united to the rest of the body (fig. 392). The 
large subchelate chelicere, which project beyond the fıont of the 
head, consist of a powerful basal portion grooved on the inner side, 
and a claw-shaped terminal joint at the point of which the duet of a 
poison gland opens (fig. 393). At the moment of the bite the secre- 
tion of this gland flows into the wound, and in the 
case of small animals causes an almost instanta- 
neous death. The pedipalpus bears on its broad 
coxal joint, which constitutes a kind of biting- 
blade (fig. 392 X), a many- 
jointed palp, the terminal re- 
gion of which is peculiarly 
modified in the male and func- 
tions as a copulatory organ. 
The mouth is bounded on the 
under side by an tmpamed ee En 
plate, forming a sort of lower and terminal joint of 
lip. The four pairs of usually en 
long legs, whose form and size claw; @äd, poison- 
Fıc. 39. —Dysdera ery. vary according to the manner EE a 

!hrinafromtheventral of ]ife, end with two toothed 
side . (regne animal). 4 
Kf,chelicera; Kt,pedi- claws, to which a small claw (7%) and several 
a accessory claws may be added (fig. 394). The 
P,lungs ; St,stigmaof abdomen in the female is always larger and more 
Be ee swollen than in the male; at the base (anterior 
cn ee ge part) of its ventral surface is placed the unpaired 
Ding il opening, at the sides of which are the two 
slit-like apertures of the lung sacs. There is often 


a second pair of stigmata behind these openings leading either into the 





* Besides the works of C. A. Walckenaer, Treviranus, C. J. Sundevall, T. - 
Thorell, Menge, Koch, Dug£s, Lebert, ete.,compare, E. Claparede, “ Recherches 
sur l’evolution des Araigndes,” Geneve, 1862; E. Claparede, “Etudes sur la 
eireulation du sang chez les Arandes du genre Lycose,” Genöve, 1863; F, 
Plateau, “ Recheiches sur la structure de l’appareil digestif et sur.les pheno- 
menes de la digestion chez les Arandes dipneumones,” Bruxelles, 1877, 
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posterior lung sacs (Mygalid®) or into a system of trachex (Argyro- 
neta, Dysdera). The anus is placed ventrally at the end of the 
abdomen, and is surrounded 
by four or six wart-like pro- 
tuberances (fig. 395, Spw), 
the spinning or arachnidial 
mammill&, from which the 
secretion of the spinning 
glands passes out. In front 





Tıe. 395.—Spinning organ of 
Amaurobius ferox (after O. 


Fıs. 394.—a, Leg of the fourth pair of Amaurobius en ni alu 
feror. Ca, Calamistrum. 5, End of foot of Phileus Po, Epinning-mammiln; 
chrysops with two claws and pencil consisting of 
spatulate hairs ($). c, End of foot of Epeira 
diadema; K, web-claws; Tk, ambulatory claw; 

Gb, toothed bristles (accessory claws) (after O. 

ü Hermann). 

' of these protuberances there often lies a 
peceuliar structure called the cribrellum, 
with a covering of very fine hairs (fig. 
395, Or). The spinning glands (fig. 396) 
are tubes of various shapes; they open by 
fine pores on the surface of the spinning 
papillee, and secrete a viscid material, which 
in the air hardens to a fine thread and 
is woven by the aid of the claws on the 
feet into the well-known spider’s web. 

Nervous system (fig. Ihr). —Besides the 
brain, with the nerves to the eyes and che- 

Jicere, there is a single, usually star-shaped Tb nes (| spinntng 

ganglionie mass in the thorax, from which glands (Spa) and generative 

nerves pass to the pedipalpi and legs, and Ense (FA) of a male Pholeis 

pP pedipalp 85° phalangista (regne animal). 

also to the abdomen. Visceral nerves have Z, Rectum with Malpighian 
. vessels opening into it. 

also been observed on the alimentary canal. BEER 

As a rule there are eight, or more rarely six simple eyes, which 

are disposed in two curved lines or more in a quadrate on the 
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dorsal surface of the cephalie region behind the frontal margin, 
Their arrangement is very regular, and is characteristie for the 


different genera (figs. 398 and 399). 





Fıc. 397.—Mygale from the ventral 
side, part of the skin is turned aside 
(regne animal). X, Chelicera:: Bg, 
thoracic ganglionic mass; P, TER, 
lungs; F, lamelle of the lungs; 
St, St, stigmata; Ov, ovary; Sw, 
spinning papille. 





Fıa. 398.—Anterior part of the cepha- 
lo-thorax of Mygale with the eyes (0) 
(r&gne animal). 


of cmwca, and into a narrower 


ducts of the branched hepatic tubes pour their secretion. The latter 


[0] (0) 
Ooo° 


d 
Fıc. 399. — Arrange- Fıc. 400.—Alimentary canal 


ment of the eyesin Of Mygale (regne animal). 
different spiders G, Cerebral ganglion; Ms, 
(after Lebert. a, diverticula of stomach ; 
Epeira; b, Tegenaria; , hepatic ducts; N, Mal- 
c, Dolomedes ; d, Sal- pighian vessels; R, rec- 
ticeus. tum. 

The alimentary canal (fig. 400) 
begins beneath the upper lip with an 
ascending pharyngeal portion of the 
«&sophagus, into which a saceular pha- 
ryngeal gland opens (salivary gland). 
The narrow @sophagus, before passing 
into the midgut or intestine, is dilated 
to form a suetorial stomach, which is 
furnished with powerful museles arising 
from the dorsal part of the cephalo- 

‘thorax. The midgut is divided into 
an anterior part, lying within the 
cephalo:thoracie region and provided 
with two anterior and four lateral pairs 

abdominal small intestine, into which the 
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appears to have a digestive function similar to that of the pancreatie 
secretion, inasmuch as it dissolves albumens and transforms amyloid 
substances into sugar. The short rectum receives two branched 
urinary (Malpighian) canals, and dilates in front of the anal opening 
to the form of a vesicle (fig. 400). 


FIT 


Fıc. 402.—Sexu il organs of & 
Tegenaria (Philoica) domestivca, 





Fıc. 401.—Heart and vascular trunks of Zycosa, in with the abdom:n in outline 
lateral and dorsal view (after Claparede), P, (after Bertkau). 7, Testis; Fl 
Lungs; C, heart; Ao, aorta; O, eyes. vas deferens ; Si, stigma. 


The vascular system is not less highly developed (fig. 401). The 
blood flows from the pulsating dorsal vessel placed in the abdomen, 
through an anterior aorta into the ce- 
phalo-thorax, and thence into lateral arte- 
ries, supplying the legs, jaws, brain, and 
eyes. The blood returns from these 
organs into the abdomen, bathes the so- 
called lungs, which are composed of 
numerous flattened tubes, and then re- 
turns to the dorsal vessel through three 
pairs of lateral slits. 

The ovaries (fig. 397) are two racemose 
glands surrounded by the liver ; the short 
oviducts unite to form a single vagina, 
which is usually connected with two long 
receptacula seminis and opens on the 
ventral surface of the anterior part of the u ee ee; 
abdomen between the anterior stigmata. the receptacle of the spermato- 
The testes consist of two long coiled ? eigen), 
canals with a common terminal duct, which likewise opens at the 
base of the abdomen (fig. 402). 
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The males are distinguished from the females by the smaller size 
of the abdomen. The females are always oviparous, and frequently 
carry their eggs about in special webs (T’heridium, Dolomedes). In 
the male the pedipalpus is modified to form a copulatory organ ; the 
thickened and excavated terminal joint is spoon-shaped, and possessesa 
vesicular copulatory appendage with a spirally-twisted fibre (fig. 403). 
Before copulation the male fills this appendage with sperm, and at 
the moment of coitus introduces the terminal fibre into the female 
genital opening (fig. 404). Sometimes the two sexes live peacefully 
near each other on neighbouring webs, or even for a time on the 
same web; in other cases the female, which is the stronger animal, 
lies in wait for the male in the same way as she does for all animals 
weaker than herself, and does not spare him even during or after 
copulation ; themale, therefore, only approaches her with the greatest 
caution. 

Development. 
—The segmenta- 
tion of the ovum is 
centrolecithal (fig. 
107). The em- 
bryos possess, in 
addition to the 
thoracie appen- 
dages, the rudi- 


Fıo. 404,.—Male and female oe ments of abdomi- Fıs. 405.—Spider embryo (after 
Linyphia, during copulation a 2 Balfour). AF, Rudiments of 
(alter ©. Herman). nal feet, which abdominal feet. 


subsequently abort 

(fig. 405). 'The young, when hatched, already possess the form and 
appendages of the adult. They are not, however, sufliciently de- 
veloped before the first moult to spin or to capture prey. It is only 
after the moult that they become capable of performing these 
functions, leave the web of the egg membranes, and begin to spin 
threads and to capture small insects. The threads which we find 
floating in the air in great numbers in autumn and are known as 
gossamer threads are the work of young Spiders, which raise them- 
selves in the air by their means, and pass the winter in sheltered 
places. 

The habits of spiders are so remarkable that they have for a long 
time exeited the interest of observers. All spiders are predacious, 
and suck the juices of other insects; nevertheless, the manner in 
which they get possession of their prey varies much, and often 
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indicates the possession of highly-developed instinets. The so-called 
vagrant spiders do not, as a rule, form nets to catch their prey, but 
use the seeretion of the spinning glands only to line their hiding- 
places and to make their ovisacs. They catch their prey either by 
running after it (fig. 406, a), or by springing on it (fig. 406, 5). 
Other Spiders (fig. 406, c) are indeed able to run quickly, but they 
render the task of catching prey easier by making webs and nets, on 
which they move about with great dexterity, while other animals, 
especially insects, become very easily entangled. The webs them- 
selves are of various kinds, and constructed with more or less skill ; 


a Fig. 406. 








Dolomedes mirabilis Q 









Sultieus scen.cus Thomisus ciir.us 


? 


T:gnearia domsstica 


they are either delicate and thin and formed of irregularly arranged 
threads, or they are of a felt-like quality and extended horizontaily 

or again, they may have the form of vertically placed wheel-shaped 
nets ; in this case they consist of concentrie and radial threads, which 
are arranged with wonderful regularity, the radial threads meeting 
in a central point. Tubular or funnel-shaped hiding-places for the 
spider are often found near the webs. Most spiders rest in the 
daytime, and go out for prey in the dusk or in the night-time 
Many vagrant spiders, however, hunt in the day-time, even when 
the sun is shining. 
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1. Tetrapneumones. With four lungs and usually with four 
spinning mammillze. 


Fam. Mygalide. Large spiders thickly covered with hairs, with four lungs 
and four spinning mammille, of which two are very small. They do not 
construct true webs, but prepare long tubes in the earth, or line their hiding- 
places (in clefts in trees or in holesin the earth) with a thick web ; they lie in 
wait for their prey (at the entrance of their homes), or they may catch it in the 
open by springing. The claw joints of the chelicer& are bent .downwards. 
Mygale avicularia L., the large Bird Spider of South America, lives in a tubular 
web between stones and in crevices in the bark of trees, Cteniza ecementaria 
Latr. The trap-door spider in South Europe, lives in tubular holes in the 
earth, the entrance to which is closed with an operculum, as with a sort of 
trap-door. Adypus Sulzeri Latr., in Central Germany, with six spinning 
mammille, 


2. Dipneumones. With two lungs and six spinning mammille. 


Fam, Saltigrade. Springing spiders (he) 406, 5) with a large arched 
cephalo-thorax and eight eyes of unequal size, which are grouped almost in a 
square. The anterior legs with stout femoral joints serve with the following legs 
for making the leaps by which these animals catch their prey. They do not 
construct webs, but spin fine saccular structuresin which they remain at nicht, 
and later on keep guard over their egg-sacs. Salticus cupreus, formicarius 
Koch. Myrmecia Latr., in Brazil, resemble ants in form. . 

Fam. Citigrade=Lycoside. Wolf-spiders. With long oval cephalo-thorax, 
which is narrow anteriorly, but is strongly arched. There are eight eyes, which 
are usually arranged in three transverse rows. They run about with their long 
strong legs in pursuit of their prey. By day they are usually concealed beneath 
stones, in hiding-places, which they line with their webs. The females 
frequently sit on their egg-sacs, or carry them about on the abdomen, and 
usually protect the young for some time after they are hatched. Dolomedes 
mirabilis Walk. (fig. 406, a). Lycosa saccata L., tarantula L., the Tarantula 
Spider of Spain and Italy. It lives in holes in the ground, and its bite, aceord- 
ing to the erroneous popular belief, occasions the dancing madness, 

Fam. Laterigrade=Thomiside. Crab-spiders. With rounded cephalo-thorax 
and flattened abdomen. The two anterior pairs of legs are longer than the 
following legs. They only spin isolated threads. They hunt insects beneath 
leaves running sideways and backwards. NMicrommata smaragdina Fabr., 
Thomisus eitreus Geoffr. (fig. 406, d). 

Fam. Tubitele. Tube spinners. With six or eight eyes arranged in two 
transverse rows, which are usually curved. The two middle pairs of legs are 
the shortest, the hindermost pair often the longest. They spin for the capture 
of their prey horizontal webs with tubes in which they lie in wait. Tegenaria 
domestica L. (fig. 406, c) (Winkelspinne). Others, as Agelena labyrinthica 
L., construct funnel-sbaped webs or, as Clubiona holoserieea L.. saccular Tecep- 
tacles, Argyroneta aquatica L., water spiders, with longer anterior pair of legs, 
The body has a silvery uppearance, owing to the numerous air-bubbles which 
adhere to the hairs with which it is covered. It spins a bell-shaped water- 
tight web, which it fills with air like a diving-bell and attaches to water- 
plants, 

Fam. Inwquitele, Web spinners. With eight unequally large eyes arranged 
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in two transverse rows, and long anterior legs. They construct irregular webs, 
the threads of which cross one another in all direetions, and live on their 
webs. Zheridium sisyphium Qlerck., Pholeus phalangioides Walck. 

Fam. Orbitele. Wheel spinners. Head and thorax separated by a furrow ; 
abdomen swollen to a globular form. The eight eyes are arranged rather 
irregularly intworows, and the anterior legs are longer than the following legs. 
The legs ofthe third pair are the shortest. They spin perpendicularly hanging 
wheel-shaped webs with concentrie and radial threads, and lie in wait in the 
middle point or in a remote hiding-place, which they surround with a weh. 
Epeira diadema L., cross spiders, 





# 
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Fıg. 407.—Phalangium opilio $ (cornutum) (regne animal), 





Fi. 408.—Male and female generative organs of Phalangium opilio (after Krohn). T, 
Testis; Vd, vasa deferentia ; P, penis with accessory glands; Z, retractor muscles ; Ov, 
ovary; U, uterus; Op, ovipositor. 


Order 4.—-PHALANGIIDA. * 


Arachnida with four pairs of long, slender legs, with chelate chelicere 
and segmented abdomen joined by its whole breadth to the cephalo-thoram. 
They have no spinning glands, and breathe by trachee. 


.* Meade, “ Monosraph of the British species of Phalangiide,” Ann. of nat. 
hist. 29. Ser. XV., 1845. A. Tulk, “Upon the anatomy of Phalangium opilio,'’ 
Ann. of nat. hist., XII.. A. Krohn, “Zur näheren Kenntniss der männlichen 
Zeugungsorgane von Phalangium,” Archiv für Naturgeseh, 1865. 
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The Phalangiida (fig. 407) resemble the true spiders in their 
general appearance, but differ from them by possessing chelate 
chelicere which are bent downwards, by the form of the abdomen, 
the tracheal respiration, and the absence of spinning glands. The 
Pedipalpi are either filiform or pediform, and are armed with claws. 
The abdomen consists, as a rule, of six or more rarely eight or nine 
segments, and is joined to the cephalo-thorax by its whole breadth. 

The nervous system is divided into a brain and a tloracie 
ganglionie mass, whence arise two visceral nerves which form 
ganglia in their course on either side. There are two or four 
simple eyes. The organs of respiration, which in all cases consist 
of trachee branching within the body, open by a single pair of 
stigmata, usually beneath the coxa of the last pair of legs. The 
heart consists of a long dorsal vessel divided into three chambers. 
The stomach is provided with a number of czca, of which the last 
extend as far as the anus. The male as well as the female genital 
opening lies between the posterior pair of legs. In the male a long 
tubular copulatory organ, and in the female a long ovipositor can be 
protruded from the opening (fig. 408). The production of ova as 
well of spermatozoa in the testis, as was observed by Krohn and 
Treviranus in almost all males, is remarkable. 

The Phalangiide usually conceal themselves during the dayand go 
out at night to capture prey. The South American species are very 
numerous, and of very strange form. 


Fam. Phalangiide. With characters of the order. Phalangium opilio L. 
(fig. 407). Gonyleptus horridus Kirb. To this group also belongs Cyphoph- 
thalmus duricorius Jos., and the genus Gibocellum Steck, 


Order 5.—PEDIPALPI * (SCORPION-SPIDERS). 


Arachnida of considerable size; jaws provided with claws, and the 
anterior pair of the legs elongated, resembling antenne. The abdomen 
has eleven or twelve segments, and is clearly marked off from the rest 
of the body. 

The Scorpion-spiders (fig. 409) are allied both to the Spiders and 
the Scorpions. 'The abdomen, which is always separated from the 
cephalo-thorax by a constrieted portion, is divided into a considerable 
number of segments, but presents no distinction into a broad pre- 
abdomen and a thin styliform post-abdomen as in the Scorpions. 

* H. Lucas, “‘ Essai sur une monographie du genre Thelyphonus,” Magas. 


de Zool., 1835. J.v. d. Hoeven, “Bijdragen tot de kennis van het geslacht 
Phrynus,” Zijdsehr. voor nat. Geschied. IX., 1842, 
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In the genus 7’helyphonus, however, which is most closely allied to 
the Scorpions, the three last segments of the abdomen are narrowed 
to the form of a short tube, the end of which is prolonged into a 
long-jointed appendage. The chelicere are always provided with 


‘claws, and probably, as in the spiders, contain a poison gland, since 


the bite of these animals is much feared. The Pedipalpi, on the other 
hand, are sometimes of considerable strength and armed with a claw 
and several spines (Phrynus). Sometimes (T7’'helyphonus) they are, 
as in the Scorpions, chelate. The legs of the anterior pair are 
always very long and thin, and end with a flagelliform ringe 
portion. There are eight eyes, of which the two largest are placed 





Yıs. 4098. —Phrynus reniformis (ıögne animal). Xt, Pedipalpi; Gb, flagelliform anterior eg 


in the middle of the cephalo-thoracie shield, while the three smaller 
pairs are situated on each side behind the frontal margin. They 
breathe by means of four lung sacs, composed of a very large 
number of lamellar tubes. The slit-like openings of the lung sacs 
lie on either side of the posterior margin of the second and third 
abdominal segments. In the structure of the alimentary canal they 
resemble the Scorpions, in that of the nervous system the Spiders. 
The genus Phrynus is viviparous. All the Pedipalpi live in tlıe 
tropies of the Old and New World. 

Fam. Phrynide. With the characters of the order. Phrynus Oliv. The large 


broad pedipalpi are armed with a number of spines and end with a claw. The 
masticating blades are free. The abdomen is flat and relatively short, and hae 
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eleven segments and no jointed anal filament, Ph. reniformis Latr., in Brazil. 
Thelyphonus Latr. The chelicere are short and end in a chela, their masti- 
cating blades fuse in the middle line. The elongated twelve-ringed abdomen 
with segmented anal filament,. 7. caudatus Fabr., in Java, 


Order 6.—ScoRPIONIDEA* (ScoRPIONs). 


Arachnida with chelate chelicere, and elongated, pediform chelate 
pedipalpi, with a pre-abdomen composed of seven segments, and an 
elongated post-abdomen of six segments, with poison spine at the hind 
end, with four pairs of lungs. 

The Scorpions have a cer- 
tain resemblance to the De- 
capod Crustacea in their 
powerful chelate pedipalpi and 
firm armour (fig. 410). The 
stout cephalo-thorax is joined 
" to an elongated abdomen, 
® EN which is divided into a eylin- 

EN | drical pre-abdomen, composed 
JE:  \S of seven segments, and a very 
narrow six-segmented post- 
abdomen, which is curved 
dorsalwards.. The post-abdo- 
men ends with a curved poison 
spine, which is provided with 
two poison glands. The cheli- 
cer® are three-jointed and 
chelate; the pedipalpi end 
with a swollen terminal 
chela, while the basal joint 
serves with its broad grinding 

surface as a jaw. The four 
FıG. 410.—Cephalo-thorax and pr&-abdomen of . 

Scorpio afıicunus (rögne animal). Xy/, Cheli- PAırS of legs are strongly de- 

cer@; Kt, pedipalpi; X, pectines; St, wveloped and end with double 
stigmata, 
claws. 


In their internal organization the Scorpions reach the highest 


Am 





* P. Gervais, *“Remarques sur la famille des Scorpions et description de 
plusieurs espöces nouvelles, etc.” Arch. du musee d’hist. nat., IV. Newport, 
*“ On the structure, relations, and development of the neryous and eirculatory 
Systems in Myriapoda and macrourous Arachnida,” Phil. Trans. 1843, 
L. Dufour, “ Histoire anatomique et physiologique des Scorpions,” Mem. pres 
a lacad. des sciences, XIV., 1856. E. Metschnikoft, ‘* Embryologie des Scor- 
pions,” Zeitsehr für wiss., Zool., 1870. 
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grade of allthe Arachnida. The nervous system is composed of a 
bilobed brain, a large oval ganglionie mass in the thorax, and seven 
‘ to eight smaller ganglionie swellings in the abdomen, of which the 
last four belong to the post-abdomen. The visceral nervous system 
is represented by a small ganglion, which is placed at the beginning 
of the @sophagus, connected with the brain by fibres and gives off 
nerves to the alimentary canal. The prineipal organs of sense are 
the simple eyes. Of these there are from three to six pairs, which 
are so distributed that the largest pair is situated on the middle of 
the cephalo-thorax, and the others right and left at the sides of the 
frontal region. 

The alimentary canal is a narrow straight tube, which is sur- 
rounded in the pre-abdomen by the large multilobed liver, and opens 
on the penultimate ring of the ab- 
domen. Two Malpighian vessels 
function as exeretory organs. 

The circulation is the most com- 
plicated in the whole class, but, as 
in the Decapoda, special blood si- 
nuses of the body cavity are inserted 
into the vascular system. The 
elongated dorsal-vessel, which is 
divided into eight chambers and 
is attached by alary muscles, is 
surrounded by a pericardial sinus, 
from which it receives the blood 
through eight pairs of slit-like open- 





E. Metschnikoff). Xf, Chelicere; Kt, 
2 | B pedipalpi ; B' to B'Y, the four pairs of 
ıngs, which are capable of being thoracic legs. There are rudimentary 


closed. From the heart the blood IrabpionuNSjehggnEn 


is driven through an anterior and posterior artery, and through 
lateral arteries to the organs. The finer ends of the arteries seem 
to be connected with the commeneing veins by capillaries,. From 
the veins the blood is collected in a receptacle on the ventral 
surface. Thence the blood passes to the respiratory organs, whence 
it passes by special veins into the pericardial sinus, and so back to 
the heart. Bespiration is effeeted by means of four pairs of lung 
sacs, which open to the exterior by four pairs of stigmata on the 
third to the sixth abdominal segments and are composed of a rela-, 
tively small number of flat tubes. 

The male and female generative organs open on the ventral face 
of the first abdominal segment [the median opening being covered 
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by a small valve-like flap, the genital opereulum]; on the second 
abdominal segment are attached two peculiar comb-shaped structures, 
known as pectines. The latter are probably the remains of the appen- 
dages of the segment, and serve as tactile organs. The males are 
distinguished from the females by their broader chele and longer 
post-abdomen. 

The females are viviparous. The development of the ovum takes 
place in the ovary, and the embryos have the rudiments of appendages 
on the pr&-abdomen (fig. 411). 

The Scorpions live in warm countries, and leave their hiding-places 
at dusk. When they run, the post-abdomen is bent upwards over 
the back. They seize their prey, üe., principally spiders and large 
insects, with their large chelate pedipalps, and sting them to death 
with their caudal poison-spine, Some species attain a very consider- 
able size, and their sting may even prove fatal to man. 

Fam, Scorpionide. Scorpio europzus Schr., 


of small size and with only six eyes, in Italy. 
Androctonus occitanus Am., Buthus afer L. 


Order 7.—PSEUDOSCORPIONIDEA.* 


Arachnida of small size and resembling 
scorpions, but without caudal spine or 
poison gland. They breathe by means of 
trachee. 





a a ie The Pseudoscorpionsare far smaller and 
(rögne animal), Kt, Pedi- more simply organised than the scorpions. 
PalpnE: They bear much the same relation to the 

true scorpions that the mites do to the spiders. In.their form and 

the structure of their chelicer® and chelate pedipalpi they resemble 
the scorpions.. On the other hand, the hind end of the segmented 
abdomen does not become narrow so as to form a post-abdomen, 
and is without a caudal spine and poison gland (fig. 412). They 
all possess spinning glands, the openings of which lie near the 
genital openings on the second abdominal ring. They possess only 
two or four ocelli, and respire by means of trachex, which open by 
two’ pairs of stigmata on the two first abdominal rings. They live 
beneath the bark of trees, in moss, between the leaves of old books, 

* W, E. Leach, “ On the characters of Scorpionidea with description of the 

British species of Chelifer and Obisium,” Zool. Miscell. IIT. A. Menge, * Ueber 

die Scheerenspinnen,” Neveste Schriften der naturforsch. Gesellschaft zu Danzig 


V., 1855. L. Koch, “ Uebersichtliche Darstellung der europ. Chernetiden,' 
Nürnberg, 1873, 
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ete.; they run rapidly laterally and backwards, and live on mites 
and small insects. - 


Fam. Chernetide, Chelifer cancroides L. Book-scorpion with two eyes. 
Obisium ischnosceles Herm., with four eyes. Chthonius trombidivides Latr. 
(fig. 412). 


Order 8.—SoLIFUGE.* 


Spider-like animals with separated head and thorax, with elongated, 
segmented abdomen; sub-chelate chelicere and pediform pedipalpi. 
Respiration is effected by means of trachee. 

The Solifuge ap- 
proach insects in the 
segmentation of the 
body. The cephalo-tho- 
rax is divided into two 
regions of which the an- 
terior is comparable to 
the insect head, the pos- 
terior (composed of three 
segments) to the insect 
thorax. The long eylin- 
drical abdominal region, 
which is composed of 
nine to ten segments, is 
quite distinet (fig. 413). 
The body is closely 
covered with hairs. The 
oral apparatus consists 
of powerful chelicere, 
which end in a large 
vertically placed chela, 
the lower arm of which can be moved perpendicularly against 
the upper. The pedipalpi serve as ambulatory legs, but are with- 
out claws, which are found only on the three posterior pairs 
of legs. The latter arise from the three free thoracie rings, and 
bear peculiar cutaneous lamelle at their base. The anterior 
pair of legs belongs to the head and may be considered as a 
second pair of pedipalpi” (maxillary palps).. The Solifug® pos- 
sess two large projecting simple eyes, and respire like insects by 





Fıs. 413.— Gualecdes araneoides (rdgne animal). 


* L. Dufour, “ Anatomie, physiologie et histoire naturelle des Gal&odes,” 
Comptesrendus d Vacad. des sciences, XLVIL..1858. Th. Hutton, “ Observations 
on the habits of a large species of Galeodes,” Ann. and Mag. of Nat. Hist., 
XII., 1843, 
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means of trachex, which open to the exterior by four slit-like 
openings between the first and second pair of thoracie appendages 
and on the ventral surface of the abdomen. They live in warm, 
sandy localities, especially of the Old World. They are noeturnal 
in their habits, and are feared on account of their bite. 





Re 


Fam. Solpugide. Solpuga (Galeodes) araneoides Pall., found on the steppes 
of the Volga and in South Russia. Other larger species are found in Africa, and 
some forms are known in America, 
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Class III—ONYCHOPHORA * (PROTOTRACHEATA), 


Tracheata with elongated vermiform body, two antenne, and short 
paired imperfectlyjointed legs armed with claws. 





Fic. 414.—Peripatus capensis (after Moseley). 


The Onycrophora, which are represented by the single genus 
Peripatus, have a moderately elongated body, which is provided with 
paired legs (from fourteen to more than thirty pairs), each armed 
with two small claws (fig. 414). The head is distinet, and bears a 
pair of antenne and two simple 
eyes. On its under surface the 
mouth is placed beneath a large 
projecting suctorial lip, and is fur- 
nished with a pair of jaws armed 
with chitinous claws. On each side 
of the mouth short, indistinetly 
jointed oral papille are attached to 
Fıo. 415.—Head of a Peripatus embryo the sides of the head. The nervous 

(after Moseley). An, Antenn®; K. ° wer > 

jaws, anterior to which are the ecto- system 1S distinguished by the re- 
derm thickenings, which willform the markable separation of its two 
== halves. The paired cerebral ganglion 
gives off two nerve trunks, which indeed approach each other closely 





* E. Grube, “ Ueber den Bau des Peripatus Edwardsii,’” Müller’s Archir.. 
1853. Moseley, “On the Structure and Development of Peripatus capensis,” 
Phil. Trans., 1875. [F. M. Balfour, “ On the Structure and Development of Peri- 
patus Capensis,” Quart. Journ. of Mic. Seience, 1883. ] 
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beneath the @sophagus, but, soon diverging, remain widely separate 
for the rest of their course. They are without ganglionie swellings ; 
are connected together in their whole length by fine transverse 
commissures, and finally unite with each other over the reetum at 
the end of the body (fig. 416). The alimentary canal begins with 
a museular pharynx, and runs,in a straight course. The anus is 
terminal. A dorsal longitudinal vessel probably functions as heart. 
[A pair of elongated unbranched glandulav tubes, the salivary 
glands, open into the buccal 
cavity.] Moseley discovered 
a well-developed tracheal 
system, the stigmata of 
which are distributed over 
the whole surface of the 
body. The tracheal trunks 
are delicate tubes, which 
are distributed upon the 
viscerain fine tufts. Long 
slime glands (considered 
as testes by Grube) open 
on the oral papille; they 
produce an exceedingly 
sticky fluid, which the ani- 
mal ejects when irritated. 
The Onychophora are, ac- 
cording to Moseley, of 
separate sexes. The ova- 
ries are united to form 
- one structure placed in the 
middle line on the dorsal 
side of the intestine, near 
the hind end of the body. 
There are two long ovi- 








Fıg. 416.— Anatomy of’ a female Peripatus (after 
Moseley).. F, Antenn®; €, brain with the 


ducts, which function as ventral nerve cords (Ve); Pr, pharynx; D, 
intestine; A, anus; Sd, slime gland; Ov, 
uterus and open by a nensies4 O0, ara rn 


common aperture on the 

ventral surface elose to the hind end of the body (fig. 416). The 
testes are paired and egg-shaped, and lie towards the hind end 
‚of the body. The vasa deferentia are coiled and unite to foım a 
‚common duct, which opens at the same place as do the female organs 
' (fig 417). The eggs develop in the uterus. 

33 
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[Segmental organs or nephridia, resembling tlıose of Annelids. 
are found one pair in each segment. They open externally at the 
base of the legs and internally into the body cavity. The body cavity 
is divided into four parts by three septa—(1) into a dorsal seetion 
containing the dorsal vessel, (2) a main central division containing 
the alimentary canal, slime glands and generative organs; and (3) 
two lateral compartments, which are continued into the legs and con- 
tain the salivary glands, segmental organs and ventral nerve cords.] 

The animals live in damp places beneath decaying wood. [They 
are viviparous; in Peripatus Ca- 
pensis the period of gestation is r 
eleven or twelve months, the young 
being born in April and May.] f 


Fam. Peripatide. Peripatus Edward- 
sii Blanch., P. capensis Gr. 























Class IV. —MYRIAPODA.* 


Tracheata with separated head 
and numerous Jairly similar seg- 
ments. They have one pair of an- 
tenne, three pairs of jaws, and 
numerous puwirs of legs. 

The Myriapoda of all the Arzthro- 
poda present the greatest resem- 
blance to the Annelids, in the serial 
similarity of the segments, in the 
possession of an elongated, some- 
times cylindrical, sometimes flat- 

Fıo. 417.Hind end of a male Per- tened body, and in the mode of 

5, ee ne ee locomotion. In fact, they bear 

entia; D/, duetusejaculatorius; D), much the same relation to the An- 

wein; Fb, vonkalneve nEs — nelids that the Snakes do to the 
vermiform fishes amongst the Vertebrata. 

















* J. F. Brandt, “ Recueil des memoires relatifs A l’ordre des Insectes Myria- 
podes,” St. Petersbourg, 1841. G. Newport, “On the organs of reproduction 
and the development of the Myriapoda,” Phil. Trans., 1841. Koch, “ System 
der Myriapoden, Regensburg, 1847. M. Fabre, “ Recherches sur l’anatomie des 
organs reproducteurs et sur developpment des Myriapodes,” Ann. des. Se. Nat., 
IV. Ser., Tom. III. Fr. Meinert, “ Danmarks Chilognather,” Naturh. en 
skrift, 3 R., Tom, V.; and “ Scolopendrer og Lithobier,” 7bid., Tom. V. 1868 
Latzel, “ Die Myriopoden der österreichisch-ungarischen Monarchie” T., “* Die 
Chilopoden,” Wien, 1880. Erich Haase, ‘*Schlesiens Chilopoden,” Breslau, 
1880, 1881. 
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The head of the Myriapods corresponds closely with that of the 
Insects, and, like the latter, bears a pair of antenn«, the eyes, and 
two or in the ('hilopoda three pairs of jaws. The antenne are 
placed on the frontal region, and are usually filiform or setiform. 
The strongly-toothed mandibles resemble those 
of Insects, and, like the latter, are without palps. 
The maxille in the Chilognatha have the form 
of a complicated lobed oral valve (fig. 427 b), 
the parts of which were formerly supposed to 
represent two pairs of maxilla fused together ; 
while in the C’hilopoda they consist of a single 
blade bearing a short palp (fig. 425). In rare 
cases the mouth parts are transformed into a 
suctorial apparatus (Polyzonium). 

The body is composed of similar and distinetly 
separated segments, the number of which varies 
considerably in different species, but is usually 
constant for the same species. The segments 
bear paired appendages, and a strong dorsal 
and ventral plate (tergum and sternum) may 
often be distinguished. Although the segments 
of the body are so much alike that it is impos- 
sible to fix a limit between thorax and abdomen, Fi. 418. -— Seolopenira 
still certain features of the internal organisation, PERS: 
especially the fusion of the three first ganglia of the ventral chain, 
show that we must regard the three anterior body segments at least 
of the C'hilognatha as constituting a thorax. In the Ohilognatha 
a single pair of legs is attached to each of the first three to five body 
segments; each of the following segments, on the other hand, bears 








Fıs. 419.—Iulus terrestris (after C.L. Koch). 


almost invariably two pairs, so that they may be regarded as double 
segments, formed by the fusion of two somites. The legs may be 
attached to the sides of the somites ((’'hilopodea), or nearer the middle 
line of the ventral surface (C’hilognatha), and are usually short with 
from six to seven joints, and terminate with claws (figs. 418 and 419). 

In their internal structure the Myriapods closely resemble the 
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Insects. The nervous system is distinguished by the great elongation 
of the ventral ganglionie cord, which runs along the whole length 
of the body and is swollen in each segment to form a ganglion. 
According to Newport, there is a system of paired and unpaired 
visceral nerves, like those of Insects. Eyes are only rarely wanting, 
and are usually present as ocelli which are sometimes closely packed 
together, or rarely (Scutigera) as peculiarly-formed facetted eyes. 
The alimentary canal, with rare exceptions (Glomeris), takes a 
straight course through the entire length of the body, and opens by 
the anus in the last segment. The following parts can be distin- 
guished :——a narrow esophagus 
beginning with the buccal cavity 
and, as in Insects, receiving the 
contents of two to six tubular 
salivary glands; a wide, very 
long mesenteron, the surface of 
which is closely beset with short 
hepatic tubes projeeting into 
the body cavity; a Aind gut, 
which receives two or four Mal- 
pighian tubules, the latter being 
coiled round the intestine; and 
finally a short and wide reetum. 
The central organ of the cir- 
eulation is a long pulsating dor- 
sal vessel, which extends through 
ES all the segments of the body (fig. 
Fıg. 420.—Head and anterior segments ‘ 420). It is divided into a great 





of Scolopendra (after Newport). @. number of chambers, which eor- 

brain ; O,eyes ; A,antenn®; Kf, max- E 

illiped (poison-claw); C, heart: M, respond to the segmentation and, 
ary s Fi Ar 1 5 > 

alary muscles of the heart; A)", arteries n Scolopendra, are attached to 


the dorsal wall by alary muscles to the right and left (fig. 420, M). 
The blood passes from the body cavity through lateral paired slits 
into the chambers of the heart, and is thence driven, partly through 
paired lateral arteries and partly through an anterior cephalie aorta 
whieh divides into three branches, to the organs of the body cavity, 
from which a blood sinus, embracing the ventral ganglionie chain, 
is separated off. 

All Myriapods breathe by means of trache®. "These, as in Insects, 
receive the air from the exterior through paired slits, which are 
found in almost every segment (sometimes beneath the basal joints 
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of the limbs, sometimes in ths 
connecting membranes be- 
tween the sterna and terga) ; 
and they give off bunches of 
trachex, which branch and are 
distributed to all the organs. 

Generative organs.—The 
Myriapoda are diecious. The 
ovaries and testes usually have 
the form of long unpaired 
tubes, while their ducts are 
often paired and are always 
connected with accessory 
glands, and in the female are 
sometimes provided with a 
double receptaculum seminis 
(fig. 421). The genital open- 
ings lie on either side on the 
oozal jeints of the secand pain, F, Mi. Smile aan, e1 Bm 
of legs, or behind this pair of ovaries; Od, Oviduct. ; er 
appendages (Chilognatha), or, 
as in the O'hilopoda, there is 
an unpaired genital opening 
at the posterior end of the 
body (fig. 422). 

In the male sex amongst 
the Chilognatha there are 
often external copulatory or- 
gans* on the Tth segment, 
remote from the genital open- 
ings. These become full of 
sperın before copulation, and 
during the coitus introduce it 
into the female genital open- 
ing. 

Development.— The fe- 
males are usually larger 
than the males, and lay 





Pe N 
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* Besides Fabre l.c, compare 


\ 
Voges, “Beiträge zur Kenntniss Fı@. 422.—Generativeorgans of Scolopendra com- 
d Tnlaan Zen De plunata (after Fabre). 7, Testis; Yd, vas 
ier ION, = feitschr, für wiss. deferens ; Dr, accessory glands; Sb, loop of 
H Zool., Tom XXXT, 1878. the vesicula, seminalis; Ov, ovary. 
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their eggs in earth. The just-hatehed young often pass through 
a metamorphosis, having at first only three or seven pairs of 
legs in addition to the antenne, and a few somites without limbs 
(fig. 423). The young animals undergo numerous wmoults, and 
gradually increase in size; the 
extremities sprout out on the 
somites, which are already 
present. New somites are 
constrieted off from the termi- 
nal one until the full number 
is completed; the number of 
Fıs. 423.—Embryo of Strongylosoma (after E. ocelli and of the joints of the 

N antennz is increased, and the 
resemblance to the sexual animal is gradually perfected. In other 
cases (Scolopendra, @eophilid@) the embryo already possesses the 
full number of appendages. 


Se re Me ie Deniz 








Order 1.—CHILoPoDA.* 


Myriapoda of usually flattened form, with long many-jointed 
antenne, and mouth parts adapted for predatory habits, with only one 
pair of appendages to each segment. 

The body is long and usually flat- 
tened. The chitinous exoskeleton 
is hardened on the dorsal and ven- 
tral surface of each somite, consti- 
tuting the tergal and sternal plates, 
while on the sides of the somites it 
remains soft. In certain forms 
some of the terga develop to large 
shields, which over-lap the smaller 
terga of the intermediate somites 
(fig. 424). The number of legs is 
never greater than that of the sepa- 
rate segments, a single pair only 
being developed on each segment. 
The antenn® are long and many- 
Fıc, 424,.—Lithobius forficatus (after O. jointed, and are inserted beneath the 

L. Koch). Kf, Poison claws. frontalmargin. The eyes are simple 
or aggregated ocelli, except in the genus Scutigera which has facetted 


* Newport, “ Monograph of the Class Myriapoda, order Chilopoda,” Zinnean 
Transaotions, XIX. 
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eyes. There are always two pairs of jaws (fig. 425); the mandibles 
(Md) and one pair of maxille (Ma), the latter bearing a short palp. 
In addition, the first pair of (thoracie) legs (M&’) forms a kind of 


underlip which often bears two long palps. 


always approaches the head 
as a kind of maxilliped, and 
forms by the growing together 
‚of its basal parts a consider- 
able median plate, on the 
right and left of which great 
four-jointed poison claws (Mf‘) 
project. The remaining ap- 
pendages arise from the sides 
of the body segments, the last 
pair being frequently elon- 
gated so as to project back- 
wards far behind the last seg- 
ınent. 

The generative organs open 
by a single aperture at the 
hind end of the body. There is 
no male copulatory apparatus. 
The young, when hatched, 
have seven pairs (Zithobius) 
or the entire number of appen- 
dages (Scolopendra). 'The 
Chilopoda feed entirely on 
animals, which they bite with 


The next pair of legs 





Fıc. 425.—Oral apparatus of Scolopendra mutica 


(after Stein). 02, Upper-lip; Md, mandibles; 
x', maxilla; Ma’, first pair of legs or second 
maxille; Mf, poison claws (maxilliped); 
Ta, palp. 


the poison celaws and kill by the secretion of the poison gland 
which flows into the wound. Certain tropical species of large size 
are able to infliet wounds which are dangerous even to man. 





Fıc. 426.— Mouth parts of Geophilus 
(Carus, Icone). K, Maxille; Mf, 
maxilliped, 


Fam. Scolopendride. Antenns® long 
and thin with a relatively small number 
of joints, only a few ocelli. The seg- 
ments of the body are sometimes equal, 
sometimes unequal. Scolopendra (with 
nine pairs of stigmata) gigantea L., 
found in the East Indies. Se. morsi- 
tans, from South Europe. Geophälus 
suhterraneus, eleetrieus L. 

Fam. Lithobiide. With long, many- 
jointed antenne and numerous ocelli. 


Some of the terga are greatly developed, and partially over-lap those of 
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the intermediate segments, Zithobius forficatus L., with fifteen pairs of 
legs. ö £ 

Fam. Scutigeride. The antenn& are at least as long as the body. The legs 
are long, their length inereasing from before backwards. Faretted eyes instead 
of ocelli. With a small number of free terga. Seutigera colcoptrata L., South 


Germany and Italy. 


Order 2.—ÜHILOGNATHA. 


The shape of the body is cylindrical or subeylindrical. There is a 
four-lobed plate behind the mandibles, and two pairs of legs on each 
segment (the anterior segments excepted). The genital openings are 
on the coxal joint of the second pair of legs. 

The body of the Ohilognatha is, as a rule, eylindrical or sub- 
eylindrical. The segments have the form of complete rings, or are 
provided with special dorsal plates. In many cases (Julide) the 
body is much elongated ; in others (G@lomeris) it is short, like that of 
a wood-louse (fig. 427). The antenn® are short, and consist only 

“ of seven joints, 
of which the last 
may abort. The 
mandibles are 
provided with 
broad masticating 


FıG. 427.—u, Glomeris merginala (after ©. L. Koch). b, Maxille surfaces, which 
(inferior buccal plate) of Julus terrestris. serve to erush the 





vegetable matters on which the animals feed, and with an upper 
movably artieulated pointed tooth. The maxill® are united so as to 
form an inferior buccal plate, the sides of which bear two rudimentary 
hook-shaped blades (fig. 427, 5), while the middle portion appears 
to represent the underlip. The eyes, which as a rule consist of 
aggregated simple eyes, are situated above and external to the 
antenne. The anterior thoracie legs are as a rule directed forwards 
towards the mouth. The three thoracie segments, and sometimes 
the next two or three segments, bear a single pair of legs. AIl the 
others, except the seventh in the male, bear two pairs. Stigmata are 
present in all the segments, and are more or less hidden beneath the 
coxal joints of the limbs. The rows of pores (foramina repugnatoria) 
on either side of the kack, which are often taken for rows of 
stigmata, are the openings of cutaneous glands, and secrete a cor- 
rosive fluid for the protection of the animal. The generative organs 
open on the coxal joint of the second pair of legs, and in the male 


sex there is also a paired copulatory organ present on the seventh 
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segment of the body, at some distance from the genital openings. 
In Glomeris, this copulatory organ seems to be replaced by two 
accessory pairs of appendages on the anal segment. The young 
possess at first only three pairs of legs, and the metamorphosis would 
therefore seem to be more complete than in the Chilopods. 

The Chilognatha live in damp places, beneath stones on the 
ground, and feed on vegetable and dead animal matters. Many of 
them roll themselves up into a ball like the woodlice or into a spiral. 


Fam. Polyzonide. With small head and subeylindrical body which can be 
rolled up into a spiral, and suctorial mouth parts. Polyzonium germanicum 
Brat. 

Fam. Julide. The head is large and free. The eyes are mostly aggregated 
together ; with cylindrical body, which can be rolled up in a spiral ; wıthout 
broad dorsal plates. The limbs meet together in the "middle ventral line. 
‚Julus sabulosus L. 

Fam. Polydesmide. With large free head and laterally extended dorsal 
plates. The number of somites is small. Polydesmus complanatus Deg., 
Polyzenus lagurus L., with twelve pairs of legs. Pauropus Huzxleyi Lubb. | 

Fam. Glomeride. The body is short and broad, and can be rolled up into a 
ball. There are only twelve to thirteen segments, which possess dorsal plates. 
The last ring of the body is shield-like. They remind one of the genus 
Armadillo. Glomeris marginata Leach., with seventeen pairs of legs ; in the 
male there are in addition two pairs of genital appendages at the hinder end 
of the body. Spherotherium elongatum Brdt. 


Class V.—HEXAPODA *=INSECTA, 


Tracheata with two 
untenne on the head, 
and with three pairs 
of legs and usually 
two pairs of wings 
on the thoras, which 
latter is composed of 
three segments,; the 


abdomen has nine or Fıg. 428.—Head, thorax and abdomen of an Acridium seen 
ten segments. from the side. St, Stigmata; 7, tympanic organ. 





* J. Swammerdam, “Historia Insectorum generalis,” Utrecht, 1669. J. 
Swammerdam, “Bijbel der natuure,” 1737-1738. Reaumur, “Memoires pour 
servir & l’histoire des Insectes,” 12 vols., Paris, 1734-1742. Ch. PBonnet, 
-‘Traite d’Insectologie,” 2 vols., Paris, 1740. A. Rösel von Rosenhof, “ In- 
sectenbelustigungen,” Nürnberg, 1746 to 1761. Ch.de Geer, ‘““ Me&moıres pour 
servir ä l’histoire des Insectes,” 8 vols., 1752 to 1776. H. Burmeister, “ Hand- 
buch der Entomologie,” Halle. 1832 
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The separation of the body into the three regions known as head, 
thorax and abdomen is more distinetly marked in Inseets than in 
any other of the Articulata. The number of somites and appendages 
appears to be constant ; the head, with its four pairs of appendages, 
being composed of four segments, the thorax of three, the abdomen 
usually of nine or ten (eleven) (Orthoptera) (fig. 428). The anterior 
abdominal segment, however, not unfrequently takes part in the 
formation of the thorax, 

The head, which is al- 
most always sharply 
marked off from the tho- 
rax, is formed of an unseg- 
mented capsule, in which 
different regions may be 
distinguished. These re- 
gions have been named, 
face, forehead, cheeks, 
throat, skull, ete. after the 
parts of the Vertebrate 
head. The upper side of 


a DIERG ed 0 F 
the head bears the eyes 
laterally, and the antennz, 
while on the under part 
‘ the three pairs of oral 
appendages are inserted 
round the mouth. The 
anterior appendages, the 
h antenn®, are in Insects 
n i formed of a simple row 
k 


of segments, but vary 


Fıg. 429.—Different forms of antenn» (afıer Bur- much in form and size. 
meister). a, Bristle-like antenna of Zocusta; b, = 
en of Carabus ; ce, moniliform antenna They usually arıse from 
of Tenebrio; d, dentare of Elater ; e, pectinate the frontal region, and 
antenna of Otenicera ; f, crooked antenna of Apis ; = S 
9, elub-shaped of Silpha; h, kmobbed of Necro.  Serve not only as tactile 
phorus; i, lamellated of Melolontha; k, antenna oreans, but also as or- 
with bristle from Sargus. 5 : 





gans of smell. We can 
distinguish between regular antenn® (where all the joints are alike) 
and irregular antenne» (fig. 429). The first may be bristle-like, 
filiform, moniliform, dentate, or peetinate; the irregular antenne, 
in which the second joint and terminal joints are especially 
liable to modification, are most frequently elub-shaped, knobbhed, 
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lobed, or crooked. In the last case the first or second joint is elon- 
gated forming the shaft, to which the distal and shorter joints are 
attached at an angle as the flagellum (Apis). 

The following structures enter into the formation of the mouth 
parts :——the upper lip (labrum), the upper jaws (mandibles), the first 
pair of maxillee or lower jaws, the second pair of maxille or lower 
lip (labium). The upper lip is a plate, which is usually movably 
articulated to the cephalie shield and covers the mouth from above. 
Beneath the upper lip to the right and left are the mandibles or upper 
jaws, in the form of two palpless biting plates; they are unjointed, 
and therefore more powerful as masticatory organs. The first pair 
of maxille or lower jaws have a more complicated structure. They 
are composed of 
several joints, 
and are, there- 
fore, adapted for 
less powerful but 
more varied move- 
ments in aid of 
the masticatory 
process. 

The maxille of 
the first pair (fig. 
430) are made up 
of the following 
parts: — a short 


L.in 





Fıc. 430.—Mouth parts of a Blatta (after Savigny). a, Head 


basal joint (cardo, seen from the front: Oc, ocelli; Mxt, maxillary palp; Zt, 
0), a longer se- labial palp. 5, Upper lip (labrum, Zr). c, Mandible (Ma). 

er d, Ist maxilla: C, Cardo; St, stipes; Z. in, lobus internus; 
cond joint or L. ex, Lobus externus. e, 2nd maxille or labium (lower 
shaft ( stipes, ‚St) lip), clearly composed of two halves. 


with an external scale (sguuma palpigera), to which is attached 
a many-jointed palp (palpus masillaris, Mxt.). Two blades, an 
internal and external, are attached to the distal end of the second 
joint [and known respectively as lacinia and galen] (lobus externus, 
internus, L. in, L. ex). The maxille of the second pair arise from 
the throat, and are partially fused together across the middle line 
so as to form the unpaired lower lip or Zabium. It is rarely the case 
that all the parts of the first maxille are discernible in the labium, 
the fusion being generally accompanied by the reduction and dis- 
appearance of oertain parts. There are, however, cases in which 
all the elements of the first maxille can be shown to exist (Orthop- 
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tera, fig. 430). While the labium is usually reduced to a simple 
plate with two lateral palps (palpi labiales), in the Orthoptera we can 
distinguish a proximal piece (submentum), fixed to the throat, from 
a second piece, bearing the two palps (mentum), at the point of 
which there is a piece, the tongue (glossa) (fig. 430, e, L. in), 
and some:imes secondary pieces, the paraglosse (L. ex). The sub- 
mentum evidently corresponds to the fused basal joints (cardo), 
the mentum to the fused shafts (stipes), the simple or bifid glossa 
to the lobus internus, and the paragloss& to the lobus externus of the 
first maxille. Median projections on the internal surface of the 
upper and lower lips are distinguished as epipharynz and hypo- 
pharynz respectively. 

The above description refers to inseets 
which gnaw or bite their food. When the 
food is fluid, the mouth parts, either in 
whole or part, become so remarkably modi- 
fied that it required the penetration of 
Savigny to establish their morphological 
relations. The biting mouth parts found 
in the orders of the (oleoptera, the 
Neuroptera and the Orthoptera are most 
nearly allied to the mouth parts of the 
Hymenoptera, which may be described as 
a licking apparatus (fig. 431). The upper 
lip and mandibles agree with those of the 
biting apparatus, but the maxille and la- 
bium are more or less elongated and modi- 


D 
Fi. 431.—Moucn parts of fied, to admit of licking and sucking up 
Anthophora retusa (after Auid 
Newport) 4, Antenne; {1QS» 
0c, ocelli; Md, mandibles ; Mouth parts adapted for sucking are 


Br Ei labinı found in the Lepidoptera, where the first 
palp; Gl, glossa; Pg, maxille are united to form a sucking tube, 
paragloss®. . 
while the other parts are more or less 
aborted (fig. 432). Finally the piereing mouth parts of the 
Diptera and Ahymchota also possess a sucking apparatus, which is 
usually formed of the labium ; but there are also styliform wea- 
pons, by means of which access is gained to the nourishing fluid, 
which is to be sucked up (figs. 433, 434). These weapons may be 
formed by the mandibles, and also by the maxille, and even the 
hypopharynx and epipharynx may be used, undergoing numerous 
modifications. Since the piereing part of the apparatus may be 








| 
1 
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totally aborted, or, at any rate, become functionless, it is obvious 





FıG. 432.—Oral apparatus of Butterflies (after Savieny), a, 
Of Zygena ; b, of Noctua. 4A, Antenn®; 0Oc, eyes; Lr, 
upper lip; Md, mana.ble; Mzt, maxillary palp; Mr, 
maxilla (first) ; Zt, labial palp, cut away. Fıs. 433. —Mcuth parts of 

Nepa ceinerea (after Sa-, 
x 2 vi . Ul, Lower li 
that no sharp line can be drawn between BL, en on ; nr 


the piereing and sucking forms of oral en 
apparatus (fig. 434). 

The next principal region of the body 
in Insects is the thorax, which is con- 
nected with the head by a slender neck. 
It consists of three segments, and bears 
three pairs of legs and usually two pairs 
of wings on the dorsal surface. These 
three segments, the prothorax, the meso- 
thorae and the metathoraw are rarely 
simple horny rings, but are usually com- 
posed of several parts united by sutures. 
In each segment a dorsal plate, lateral 
regions and a ventral plate can be dis- 
tinguished. These may be termed notum, 
pleura and sternum respectively, and 
they may further be described, according 
to the segments in which they occur, as 








pro-, meso- and meta-notum, and Pro-, memorosus ® (after Becher). 

1 ta-sterı "Dh lat 1 Lbr, Upper lip; ZD, lower lip 
meso-, and meta-sternum. e latera (proboscie); Lt, labial palp; 
regions are divided into an anterior piece Mad, mandibles; Mx, maxilla 


. RR . (firsı) ; H, hypopharynx (pierc- 
(episternum) and a posterior (epimerum), ing weapon). 
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while on the mesonotum there is a median triangular plate (the 
scutellun), and on the metanotum there is not rarely a similar but 
smaller shield (the postseutellum). 'The manner in which the three 
regions of the thorax are connected with one another varies in the 
different orders. In the Coleoptera, Neuroptera, Orthoptera and in 
many Rhynchota, the pro-thorax is freely movable, while in all other 
cases it is a relatively small ring and is fused with the following 
segments. 

The three pairs of legs are articulated in excavations of the 
chitinous integument of the ventral surface between the sterna 
and pleura. The number and size of the joints of the legs seem 





Fıg. 435.—Different form of legs (regne animal). a, Mantis with predatory leg; b, leg of 
Carabus used in running; c, of Acridium used in springing; d, of Gryllotalpa used 
in digging; e, swimming leg of Dytiscus. 

more constant in the Insecta than in any other group of the Arth- 

ropoda, so that it is possible to distinguish five regions (fig. 435). 

The basal joint (coxa), which is either spherical or eylindrical, is 

articulated to the thorax and permits of free movement of the limb. 

The coxa is followed by a second very short ring, constituting the 

trochanter, which is sometimes divided into two parts or in other 

cases is fused with the next joint. The third joint, which is con- 
spicuous on account of its size and strength, is the long /emur. The 
next joint is the likewise long but slender zibia, which is armed at 





LEGS—WINGS. 527 


the point with movable spines. Finally the last joint, or tarsus, is 
less movably artieulated. It is simple only in rare cases ; generally 
it is composed of a number of joints (usually five), of which the 
last is terminated by movable claws, and sometimes also by lobed 
appendages. 

Of course the special form of the legs varies according to the mode 
of locomotion and the special needs of each insect. Legs adapted 
for running, walking, burrowing, leaping, prehension can be dis- 
tinguished (fig. 435). The anterior pair only is used for predatory 
purposes, and in such a leg the tibia and tarsus are bent backward 
against the femur in the same way that the blade of a pocket-knife 
folds back against its handle (Mantis, Nepa). The legs used in 
springing are the posterior pair (Acridium), and they are charac- 
terised by the powerful femur. Those used in digging are usually 
the anterior pair, and they may be recognised by the broad, shovel- 
like tibia (Gryllotalpa). Im the swimming legs all the parts are flat, 
and closely beset with long swimming hairs (Naucoris). The legs 
used in walking may be 
distinguished from the 
ordinary running legs 
by the broad hairy lower 
surface of the tarsus 





(Lamia). 
Wings are o nly Fıs. 436.—Wing of Tipula (after Fr. Brauer). H, Sub- 
found in the fully de- costa; 1, nest longitudinal nervure (costa mediana) ; 


2, radial rib (radius or sector); 3, cubital rib; 4, dis- 
veloped, sexually adult coidalrib (or cubitus antieus); 5, submedian (or eubitus: 
hun als, which are re- posticus) ;6, anal rib (or postcosta) Eh axillar rib; R, 

=: L marginal cell; U, submarginal cell. D, discoidal cell ; 
latively rarely without I—V, posterior marginal cells; 7, anterior basal 


ham) They areattached cell; HB, posterior basal cell; AZ, anal cell. 

to the dorsal surface of the meso- and meta-thorax, being artieulated 
between the notum and pleura. The anterior wings are attached to 
the meso-thorax, and the posterior wings to the meta-thorax. As 
regards their form and structure they are thin, superficially expanded 
plates, consisting of two membranes firmly adhering to one another 
and continuously-connected at the edges. They are usually delicate 
and transparent, and are traversed by various strongly chitinised 
bands, the nervures or veins or ribs (fig. 436). 

These nervures, which have a very definite and systematically 
important course, consist of canals, placed between the two layers of’ 
the wing, surrounded by chitin and containing blood, nerves and 
especially trachee, the distribution of which corresponds with the 


528 INSECTA.: 


course of the nervures. The nervures, therefore, always start from 
the root of the wing as two or three principal stems, and distribute 
their branches more especially to the upper half, The first (fig. 436) 
of the main trunks which runs beneath the upper margin of the 
wing is called the costa, and often ends in a horny dilatation, Be- 
neath the costa there is a second main stem, the radius, and behind 
this a third, the cubitus, which rarely remains simple, but usually 
bifurcates before the middle of its course into branches, which are 
often further divided so that a more or less complicated network is 
formed in the upper half of the wing. The spaces of this network 
may be distinguished as marginal spaces or radial cells, and as sub- 
marginal spaces or cubital cells. Not rarely there may also be 
present one or more lower nervures (anal, axillar nervures). 

The form and structure of the wings present various modifications, 
The anterior wings may become coriaceous by the stronger chitinisation 
of their substance, as for instance in the Orthoptera and Rhynchota ; 
or, as in the C'oleoptera, they may have a firm horny structure (teg- 
mina or elytra), and be used less for flight than as a proteetion 
of the back, the skin of which is soft. The anterior wings in 
the Rhynchota group of the Hemiptera are mostly horny and only 
membranous at the tip, while the posterior wings are membranous. 
When both pairs of wings are of a membranous structure, their 
surface is either thickly covered with scales, Zepideptera and Phry- 
ganide (group of Neuropter«), or remains naked and is marked out 
into a number of very conspicuous spaces, which may not unfrequently 
have the form of a close net-like mesh-work, as in the Neuroptera. 
In general the two pairs of wings differ in size. Those insects which 
have coriaceous anterior wings and half or whole wing covers, have 
wuch larger posterior wings, while in the insects with membranous 
wings the anterior wings are, as a rule, the largest. In many of the 
Neuroptera, the wings are pretty nearly the same size, while in the 
Diptera the posterior wings are aborted and reduced to small knobs 
(halteres). Finally we find in all the orders of inseets examples of a 
complete absence of wings either in both sexes, or in the female sex 
alone. 

The third region of the body, which contains most of the vegeta- 
tive organs, as well as the organs of reproduction, is the elongated 
and well-segmented abdomen. In the adult insect this region is 
destitute of appendages, although very often in larval life, and as an 
exception in the sexually adult animal (Japyz), short appendages 
are present. The abdominal segments are very definitely separated 
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from one another by soft connecting membranes. They are com- 
posed of simple dorsal and ventral plates, which are also connected 
laterally by soft membranes. This structure of the abdomen, which 
contains the respiratory and genital organs, permits of its being 
dilated and contracted (respiratory movements, distension of the 
ovary). Very often the posterior segments have a special struc- 
ture, owing to the various 
appendages which are con- 
nected with the processes 
of copulation and of depo- 
sition of the eggs. The 
anus is usually placed on 
the last abdominal ring, 
wa the generative Ir Fıg. 437. Posterior end of body of a Beetle. 
ing which is separate from (Pterostichus &) (after Stein). 8, 9, Dorsal plates 
the anal aperture opens 8 9, ventral plaies; Si, stigma; 4, anus; @, 
genital opening. 

on the ventral surface of 

the preceding segment (fig. 437). Terminal appendages, such as 
jointed filaments, ete., are present on the anal segment. The ap- 
pendices genitales, forming the genital armature, are, on the con- 
trary, placed on the ventral 
sidearound the genitalopen- 
ing. Developed in the male 
as valves and in the female 
in the form of ovipositors, 
stings, ete., they arise from 
the imaginal dises (growths 
of the hypodermis), in the 
Hymenoptera and Orthop- 
tera on the eighth (first 











6” pair) and ninth (second 
pair) segments of the ab- 
a domen (fig. 438). The 


! ovipositors of the Diptera, 
Fıg. 438.—a, Hind end of abdomen of a young 
female Locusta with the protuberances of te ON the other hand, are to 


ovipositor and the anal styles; C’ and 0”, the 1a derived from the re- 
internal and external protuberances of the penulti- i 
mate; 0’, the same of the antepenultimate seg- tracted posterior segments. 


ent. b,slightly olderstage. c, Nympha; A, anus D 
Sa anal styles (after Dewitz). Alimentary canal (figs. 
439, 440).—The mouth, 
which is covered by the upper lip, usually leads into a narrow «sopha- 


gus, into the anterior portion of which, distinguished as the buccal 
34 
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cavity, open one or more pairs of tubular or racemose salivary glands 





(Sp). In many of the suctorial inseets, the end of the &sophagus is 
dilated into a sack with thin membranous walls and a short stalk, the 
suctorial stomach ; in others into a more uniform dilatation, known 
as the crop (fig. 439, Oe). The intestine which follows the @sophagus 
is sometimes straight and sometimes coiled ; it varies exceedingly 


in accordance with the mode of life, 
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Fıs. 439.—Digestive apparatus of Apis mellifica 
(after Leon Dufour). Sp, Salivary glands; Or, @so- 
phagus with crop-like dilatation ; M, chylific ven- 
tricle; Ze,' Malpighian vessels; R, rectum with 
so-called rectal glands; @. Dr, poison glands, 


It is always at least divisible 


into a longer portion, 
which is concerned in di 
gestion, the mesenteron or 
chylifie ventriele (M, Chd), 
and a terminal portion, 
which is concerned with 
the ejection of the fxces 
(figs. 439, 440). 

The number of regions 
may, however, be larger. 
In predaceous Insects, 
especially in the orders of 
Coleoptera and Neuroptera, 
a masticatory stomach or 
proventriculus (fig. 440, 
Pv) is inserted between 
the crop and chylifie ven- 
triele; this is of globular 
form, and has powerful 
muscular walls. Itislined 
by a specially thick chitin- 
ous cuticle, which is beset 
with strong bands, teeth, 
and bristles.. The chylifie 
ventricle also, on which 
especially the digestive 
glandular layer is developed 
at the expense of the mus- 
cular layer, is sometimes 
divided into several re- 
gions, as for example in 
some Beetles the anterior 


part has a shaggy appearance from the numerous c&ca which 
project from it (fig. 440 Chd), and is sharply marked off from 
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the simple narrower portion which follows it. Larger cxca, too, 
after the manner of hepatic glands, may be inserted at the com- 
mencement of the chylifie ventriele (Orthoptera). 

The commencement of the hind gut or posterior portion of the 
alimentary canal is indicated by the opening of filiform ewcal tubes, 
the Malpighian vessels. It is divided into two or more rarely three 
regions, which are distinguished as the small intestine, the large 
intestine and the rectum. The last region is provided with a strong 
layer of musecles, and contains in its walls four, six or more longitudinal 
ridges, the so-called rectal glands (fig. 439, RZ). Sometimes two 
glands, the so-called anal glands (@.Dr, 
Ad), open into the rectum immediately in 
front of the anus. Their secretion, on 
account of its imritating qualities and dis- 
agreeable smell, seems to serve as a pro- 
tection to the animal. Im exceptional 
cases the larva alone takes up nutriment, 
the sexually mature apterous form being 
without a mouth (Zphemera). Finally 
the stomach of the larva in a few cases 
ends blindly, and does not communicate 
with the hind gut (larvae of HZymenoptera, 
Pupipara, Ant-lion). 

The Malpighian vessels already men- 
tioned, which were formerly erroneously 
held to be bile organs, undoubtedly func- 
tion as urinary organs. Their contents, 
secreted by the large nucleated cells of 
their walls, are usually of a brownish 
yellow or white eolour, and consist of an ie. 440.—Alimentary canaland 

e glandular appendages of a 
aggregation of small granules and con- Beetle (Carabus) (after L. Du- 
eretions, which, for the most part, consist four). 0e, «@sophagus; ‚m, 

n r R crop; Po, proventriculus; 
of urie acid. Crystals of oxalate of lime Chd, chylific ventricle; My, 
and taurin. have also been found. The Malpighian tubes; K, rectum ; 
& Ad, anal glands with vesicle. 
numbers and grouping of these filiform 
tubes, which are usually very long and wound round about the chy- 
lifie ventriele, varies very much. As a rule there are four or six, 
or more rarely eight of them opening into the intestine, but in the 
Hymenoptera and Orthoptera the number is much larger; in the 
latter there may even be a common duct into which the tubes are 
united (Gryllotalpa). 
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Amongst the secretory glands of insects the glandule odorifere, the 
waw-glands, spinning-glands and poison glands are to be mentioned. 
Of these, the first, to which belong the anal glands which we have 
already mentioned (fig. 440), lie beneath the covering of the body 
and secrete, usually between the artieulations, strongly smelling 
fluids. In the bugs there is an unpaired piriform gland in the 
metathorax, which pours out its secretion byan opening between the 
hind legs and gives rise to the notorious smell. Unicellular eutaneous 
glands have been shewn to exist in different parts of the body of 
insects, and, like the sebacious glands of vertebrates, seem to secrete 
an oily liquid, which serves to lubricate the joints. Similar glandular 
tubes of the integument, which may be called wax-glands, secrete 
white threads and flakes, which cover the body as with a kind of 
powder or wool (Plant lice, ete., fig. 441). Spinning-glands oecur 
exclusively in 
larvs and serve 
for the produc- 
tionofwebsand 
cases. When 
these glands 
have the form 
of two or more 
lessswollen and 
elongated tubes 
(sericteria) 
opening behind 

ü themouth, they 

Fıc. 441.—The wax glands and the prominences on which they open 
of an Aphide (Schizoneura Lonicerce). a, Pupa seen from dorsal MAy be com- 
surface; Wh, prominences on which the wax glands open; pared to a 


d, the unicellular wax glands (WD) beneath the cuticular facets E 
(Cf) of the skin. special form of 


salivary gland, 
which they also resemble in their structure. The larva of the ant- 
lion has its spinning organs at the opposite end of the body; the 
wall of the rectum, which is shut off from the chylifie ventriele, 
taking the place of the sericteria. 

The poison glands, which are present in the female Zymencptera, 
consist of two simple or branched tubes, the common duct of which is 
dilated to form a vesicular reservoir for the secreted fluid, which 
consists of formic acid. 'The end of this reservoir is connected with 
the poison spine. 

Vascular system. —The blood, which is usually eolourless but not 
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unfrequently has a green tinge, always contains amaboid blood cells 
and travels along definite tracts of the body cavity. The simplification 
of the circulatory apparatus, which is confined to a dorsal wvessel, is 
correlated with the richly branched respiratory apparatus, the air- 
conducting trachee, which are distributed to all the organs and carry 
oxygen to the blood. ‘The heart, which has the form of a dorsal 
wessel (fig. 442), runs in the middle line of the abdomen, and is 
divided by transverse constrietions into numerous (up to eight) 
‚chambers corresponding to the seg- 
ments. These chambers are attached 
to the integument of the dorsal sur- 
face by triangular muscles (alary 
muscles).. During the diastole of 
the chambers the blood streams 
through as many paired lateral 
slits into the heart, which contracts 
gradually from before backwards 
and drives the blood in the same 
direction. The anterior chamber 
is prolonged into a median aorta, 
which runs forward to the head. 
From this aorta the blood flows 
freely into the body cavity and 
returns to the heart in four prin- 
cipal streams, two lateral, one dorsal 
beneath the dorsal vessel, and one 
ventral above the ganglionie chain, 
giving off numerous branches to the 
extremities, ete. It is only in ex- 
ceptional cases (e.g., in the caudal 
filaments of the larve of Zphemera) Fre. 442.—Longitudinal section through 
’ the body of Sphinz ligustri (after 
that arterial vessels are found pass- Newport). Mx, maxille forming the 
ing out from the heart. proboseis ; t, palp; At, antenna; @s, 
x E P brain; Gi, suboasophageal ganglion; 
Respiration iseffeetedbybranched N, thoracic and abdominal ganglia; 
trachee, which take in their supply 2 er ’ ee 
of air through paired slit-like open- AH, heart; @, testes; E, rectum; A, 
ings, the stigmata. The latter are 
usually situated in the membranes connecting the sterna and 
terga (fig. 428), and the exchange of air is determined by the 
distinet respiratory movements of the abdomen. The number of 
stigmata is very various, but there are rarely more than nine or fewer 
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than two pairs present. They are never present on the head or on 
the last abdominal segment. They are least numerous in the aquatie 
larv& of beetles and Diptera, which have but two stigmata placed at 
the hind end of the abdomen on a simple or forked tube. There 
are, however, often two openings on the thorax in addition. Some 
water-bugs (e.g., Nepa Ranctra, ete.) have at the end of the 
abdomen two long grooved filaments which lead at their base into 
two air cavities. Such water-bugs can by this arrangement take up 
air like the Dipteran larv&, by protruding the respiratory tube on 
the surface of the water. 

The tracher (fig. 443), which are kept open by the spiral thickening 
of the chitinous membrane lining them, are always more or less 
perfectly filled with air, and on 
that account have usually a silvery 
shining appearance. Their internal 
chitinous membrane is produced by 
an outer delicate and nucleated cell 
layer, and is thrown off with the 
external cuticle and renewed at 
each moult during larval life The 
dilatations which are not unfre- 
quently present in the course of 
the trachexw, and which, in strong 
fiying insecets, as Zymenoptera, 
Diptera, ete., are enlarged to form 
air sacs of very considerable size, 
may with justice be compared to 





Fıg. 443.—Tracheal branch with finer . 5 BEN 
twigs (after Leydig). Z, Cellular the air sacs of birds. They possess a 


external wall; Sp, euticular lining delicate chitinous membrane, which 


iral fibre). 2 3 
SereaDe) exhibits no trace of the spiral fibre. 


They therefore collapse with great ease, and require for their filling 
special respiratory movements. These are especially noticeable in 
the relatively clumsy Zamellicorns before their flight. The arrange- 
ment and distribution of the tracheal system may easily be described 
by'starting with the origin of the prineipal trunks from the stigmata. 
Each stigma leads into one (or more) tracheal trunk, which sends out 
connecting branches to the neighbouring trunks and gives off a tuft 
of much branched tubes to the viscera. As a rule, there are formed 
in this way two independent lateral trunks, which communicate by 
transverse tubes and give of! numerous secondary trunks to the 
internal organs. The finer branches of the secondary tubes are not 
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only applied externally to the viscera, but partially traverse them 
and serve at the same time to support them. 

Tracheal gils are present in the form of leaf-like or filiform 
appendages on the body of the larve of Phryganide, Ephemerice 
(fig. 444), and in the rectum of the larve of #schna and Zibelluk . 
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Fıg. 414.—a, Larva of Ephemera with seven pairs of tracheal gills Xt, slichtIy magnified. 
Tk, An isolated tracheal gill, strongly magnified. d, Tracheal system of an Agrion larva 
(after L. Dufour); 7st, tracheal trunk ; Na, accessory eyes. 


In the last case the walls of the rectum are very muscular, and 
are capable of regularly pumping in and out water, thus giving rise 
to a kind of respiratory movement. 


* 
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The so-called fat bodies stand in the closest relation to respiration 
and the nutritive processes.. They are fat-like shining and usually 
coloured, lobed and globular bodies, which are distributed beneath 
the skin and between the organs, and are especially abundant during 
larval life. The chief importance of these organs depends on the part 
they play with regard to metabolism. They consist essentially of an 
accumulation of superfluous nutritive material, and seem to be used 
for nourishment and for the production of heat, and especially during 
the development into the perfect insect for the formation of new 
parts of the body and for the growth of the generative organs. The 
rich distribution of the trachex to the fat cells points to the con- 
sumption of a large amount of oxygen, and consequently to an 
active metabolism, which is further demonstrated by the frequent 
deposition of nitrogenous waste material, especially of urie acid. 

The phosphorescent organs of the Zampyride and various 
Elateride show a certain resemblance to fat bodies. These organs 
are delicate plates, which in Zampyris are present on the ventral 
surface of several of the abdominal segments and consist partly of 
pale albuminous cells, and partly of granular cells, containing urie 
acid; richly branched trachex and nerves are distributed amongst 
these cells. The pale cells compose the lower ventral layer of the 
plates, and it is this layer alone which is phosphorescent. These cells, 
together with the terminal cells of the trachex, which are always very 
numerous, are to be regarded as the active elements, the chemical 
changes of which, under the influence of oxygen, and to a certain 
extent of the nervous system, give rise to the phenomenon of 
phosphorescence. The cells of the upper non-luminous layer of the 
plates contain a great number of refractile granules, which, accord- 
ing to Kölliker, consist of urie acid compounds, the final products of 
the metabolism which causes the phenomenon of phosphorescence. 

The nervous system of insects presents a very high development, 
and a great amount of variation in arrangement; all transitions 
between a long ventral ganglionie chain, consisting of about twelve 
pairs of ganglia, and a common thoracie ganglionie mass are found 
(figs. 77 and 78). The brain (supra-esophageal ganglion), which is 
placed in the head, attains a considerable size. It presents several 
groups of swellings ; these are especially marked in the Zymenoptera, 
which have the highest psychical development. It gives origin to the 
sense nerves, and seems to be the seat of the will and of the psychical 
activity. The small subesophageal ganglion supplies the mouth 
parts, and corresponds to several pairs of ganglia fused together. 
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The ventral chain, which with its lateral nerves may be compared 
to the spinal cord and the spinal nerves, preserves the primitive 
uniform segmentation in most larve, and is the least modified in 
insects with a free prothorax and long abdomen. In such insects, 
not only do the three large thoracie ganglia, which supply the wings 
and legs with nerves, remain separate, though certainly they arc 
often strengthened by the anterior abdominal ganglia, but also a 
larger number of abdominal ganglia. Of the latter, the last, which is 
formed by the fusion of several ganglia and gives off numerous nerves 
to the ducts of the generative apparatus and to the rectum, is always 
distinguished by its considerable size. The gradually progressing 
concentration of the ventral cord, which may be followed out in the 
larval and pupal development,* is ex- 
plained by the erowding together of 
the abdominal ganglia, as well as by 
the fusion of the thoracie ganglia. Of 
the latter, those of the meso- and 
meta-thorax first fuse to a large pos- 
terior thoracie mass, which then fuses “ 
with that of the prothorax to form a, 
common thoracie mass. When the 
latter is finally united to the fused 
mass of the abdominal ganglia, the 
highest grade of concentration, which 
is found in the Diptera and Hemip- 
tera, is reached. 
The visceral nervous system is divided 
into the system of the «sophageal Fıe. 445.—Cerebral ganglion and @80- 
£ phageal nerve ganglia of Sphinz 
nerves and the true sympathetie. In _zigustri(after Newport). Gfr., Frontal 
the former we can distinguish unpaired el en auge 
and paired «sophageal nerves. The 
unpaired system springs from the anterior surface of the brain by two 
roots, which unite in front to form the so-called frontal ganglion (fig. 
445 Gfr.) In its further course on the dorsal surface of the @sophagus 
it forms a number of fine plexuses in the muscular layer of that organ 
(fig. 445). The paired wesophageal nerves spring on either side from 
the posterior surface of the brain, and swell out at the sides of the 
«sophagus to form larger ganglia, which also supply nerves to the wall 
of the esophagus. A system of pale nerves, first described by Newport 





* Compare especially the numerous papers of Ed. Brandt, “ Ueber die meta- 
morphose des Nervensystems.” 
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as nervi respirutorii or tramsversi, is to be regarded as a true sympa- 
thetic. These nerves are given off’ near one of the ganglia of the 
ventral chain from a median nerve which runs between the two 
ventral nerve cords, has a root in the ganglion, and sometimes forms 
a small sympathetic ganglion. After their separation they again form 
lateral ganglia, the nerves of which pass into the lateral nerves, but 
afterwards separate again from the latter, and after forming plexuses 
supply the tracheal trunks and muscles of the stigmata. 

Of the Sense organs, the eyes* attain the highest grade of per- 
fection. The unicorneal ocelli are principally present in larval life, 
but two or three of them are often present on the top of the head of 
ee insects (fig. 87). The facetted eyes are placed at 
the sides of the head, and are found in the fully- 
developed insect (fig. 85). 

Auditory vesicles with otoliths have not been dis- 
covered in insects. Since, however, the capacity of 
perceiving sound can scarcely be doubted for numerous 
insects, and especially for those which are capable of 
producing sound, we are forced to presuppose the 
existence of some organ for the perception of sound. 
In fact, in the springing Orthoptera apparatuses can 
be pointed to which probably serve as acoustie organs 
for the perception of sound waves. In the Aeridie 
these are placed at the sides of the first abdominal 
segment close behind the metathorax (fig. 66, b), in 
the @Gryllodewe and Zocustide in the tibie of the 
Fıc, 445. _ Tibin anterior legs, just beneath the articulation of the 

rk niert femora (fig. 446). In this region a tracheal trunk 

viridissima (after dilates between two lateral membranes so as to form 

ee. a. vesiele, on which are spread out the end cells, pro- 

branewithoper- vided with so-called nerve rods, of a nerve springing 

e from the first thoracie ganglion (fig. 447). Peculiar | 
sense organs have also been discovered in the posterior wings of 
beetles and in the halteres of flies. 


Shining nerve rods have been found by Leydig in the nerves of 
‘ 

* Compare especially Leydig, ‘Zum feineren Bau der Arthropoden, sowie 
Geruchs-und Gehörorgane der Krebse und Insecten.” Müller’s Archir, 1855 and 
1860. 

H. Grenacher, “ Untersuchungen über das Sehorgan der Arthropoden.” 
Göttingen, 1879. 

Also V. Graber, “Die tympanalen Sinnesorgane der Orthopteren.” Wien, 
1375. 
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the antenn®, the palps, and legs, under conditions which render it 
possible that these nerves have the value of tactile nerves, and this is 
the more probable since the sense of touch is principally discharged by 
the antenn& and the palps of the oral apparatus, as well as by the 
tarsal joints of the legs. 

Olfactory organs are very generally distributed, as might have 
been expected from the developed capability of tracking which many 
inseets possess. It may be regarded as fairly certain that the 
surface of the antennx is the seat of the olfactory sense. Formerly, 
in accordance with the views of Erichson, the numerous pits which 
are found, for instance, on the leaf-shaped antenna of the Zamelli- 
cornia, were interpreted as olfac- 
tory pits; but it is more correct to 
regard with Leydig the peculiar 
cones and knobs of the antenne 
which are connected with gangliated 
nerve endings as olfactory organs. 

The reproduction of insects is 
principally sexual. The male and 
female generative organs are always 
placed in different: individuals; but 
they correspond in their position and 
parts, and in their opening on the 
ventral surface of the hind end of 8 
the body. The testes and ovaries 
are provided with paired ducts end- 
ing in an unpaired portion (fig. 91). 
The first rudiments of the genital 
organs may be traced back to & Fıe. 447.—A portion of thenerve termina- 
very early stage of the embryonie Yon in er en 
development. Their development, @z, ganglion cells; $t, rods in the 
however, is only completed in the a 
latest period of larval life, or in inseets with complete metamorphosis 
during the pupal stage. In rare cases the full development and 
maturity of the sexual organs is never completed, as in the so-called 
sexless Hymenoptera (working bees, ants) and termites, which are 
incapable of reproduction. 

The males and females are distinguished by more or less important 
external differences in various parts of the body; sometimes these 
differences lead to a marked sexual dimorphism. The males are 
almost always more slenderly formed, and are capable of quieker and 
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easier movement. They have larger eyes and antenne, and their 
colours are brighter and more striking. When there isa pronounced 
dimorphism the females are apterous, and their form approximates to 
that of the larva (Coceide, Psychide, ERDE Lampyris), while 
the males are provided with wings. 

The female generative organs are composed of paired ovaries and 
oviducts, the unpaired oviduct, the vagina and the external genital 
apparatus. The ovaries are elongated tubes, in which the eggs 
originate. The ova lie one behind another in a single row like a 
string of pearls, ae in size from the blind end to the opening 

’ into the oviducts (fig. 91, a). The 
arrangement of these ovarian 
tubes presents extraordinary 
varlations, and there thus ori- 
ginates a great number of dif- 
ferent forms of ovary, which 
‚have been described principally 
in the beetles by Stein. The 
number of tlıe ovarian tubes 
also varies exceedingly, being 
least in some Ahynchota, and 
then in the butterflies, the 
latter having on each side only 
four very long ovarian tubes, 
which are many times folded 
(fig. 448). At their lower ends 
the ovarian tubes on either side 
open into the dilated commence- 
m en Mn ann ent of Ehe oviduct, which joins 

cut off; Ae, receptaculum seminis and with that of the other side to 

a ee here form & median oviduct. The 

Dr, glandular appendage; Dr’, glandul® lower end of the latter repre- 

Be ae sents the vagina, and often 
receives, near the genital aperture, the ducts of special cement and 
sebaceous glands (glandule sebacee), the secretion of which is used to 
surround and fasten the eggs which are about to be laid. In 
addition to these glands, the unpaired efferent duct of the genital 
apparatus is very commonly furnished with one or several usually 
stalked recoptacula seminis (fig. 449), in which the semen, often 
introduced in the form of spermatophores, vetains its fertilizing 
properties for a long time, sometimes for years, under the in- 
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fluence of the secretion of an accessory gland. Beneath the recepta- 
culum seminis, a large pouch-like diverticulum, the bursa copulatrix, 
which assumes the function of the vagina, is sometimes separated 
from the vagina. In the butterflies (fig. 448) a narrow duct serves 
to convey the sperm from this bursa, which 
opens separately, to the receptaculum. 

The male generative organs consist of 
paired testes and their vasa deferentia, of 
a common ductus ejaculatorius and of the 
external copulatory organ (fig. 450). The 
testesare long blind tubes, which are present 
either singly or in number on either side, 
and are often coiled together so as to form a 
seemingly compact brightly-coloured body. 
They may also be united to form an unpaired 
organ in the middle line. The testicular Fic. 449.—-Terminal region of 
tubes are prolonged on either side into a ae AR Fa 
usually coiled efferent duct or vas deferens, Stein). Od, Oviduct, Re, the 
the lower end of which dilates considerably, ren 
and may even swell out to the form of a of the vagina; Bl. blind 
vesicle (vesicula seminalis). At the point "ke appendage. 
where the two vasa deferentia join to form the muscular ductus 
ejaculatorius, one or more glandular tubes often pour their coagulable 
secretion into the latter; the secretion serving to form a case 
round the balls of spermatozoa. The transference of the spermato- 
phores into the body of the female 
is effected by a horny tube or 
groove which surrounds the end 
of the ductus ejaculatorius. This 
tube, when not in use, usually lies 
retracted in the abdomen, and 
when protruded is surrounded by 
external organs for attachment 
(valves or pincers), as by a sheath. 
In exceptional cases (Zibellula) the 
copulatory apparatus which serves 








Fıc. 450.—Male generative organs of the f 2 
Cockchafer; (after Gegenbaur). 7, Tes- to transfer the sperm 15 remote 


tes; Fü, dilated: portion of the seminal from the generative opening, as in 
duct; Dr coiled accessory gland. 2 F 
the male spiders, being placed on 
the ventral side of the enlarged second abdominal segment. 
Almost all inseets are oviparous, and only a few, as the Tachine, 
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some of the Zstride and .of the Pupipara, are viyiparous. Asa 
rule, the eggs are laid shortly after fertilization, and before the 
commencement of the development of the embryo. In rare cases 
the embryo is already formed when the egg is laid. In the last case 
the segmentation and formation of the embryo take place in the vagina 
(fig. 451). The fertilization of the egg usually takes place during 
its passage through the oviduct, at the place where the receptaculum 
seminis opens. Since the eggs become invested with their resistant 
chorion in the ovarian tubes, from the epithelial cells of which they 
originate for the most part during the larval life, it is necessary 
that there should be special arrangements which render possible the 
entry of the spermatozoa and the fertilization of the ovum. For tkis 
object there exist on the upper pole of the egg (the pole turned 
towards the egg-tubes during the passage of the egg) one or more 
/ pores known as micropyles,* 
which pierce the chorion 
and present a characteristie 
form and arrangement (fig. 
452). 

The ova originate in the 
narrow terminal portion of 
the egg-tubes, which is 
often prolonged into a thin 
Man an er er R Euiis. thread. Here the growth 

uterus; Dr, the glands opening into the uterus; of the egg-tube takes place, 

BENSENE as well as the differentiation 
of its contents into egg cells and ovarian epithelium. The ovarian 
tubes increase continuously in diameter towards the oviduct, in 
correspondence with the gradual increase of size undergone by the 
eggs, which are arranged one behind another in its lumen. Each 
egg occupies a chamber, and obtains an external resistant mem- 
brane (chorion), which is secreted by the epithelium which lines the 
chamber. The chorion shows in its external markings the pecu- 
liarities of the epithelium from which it was formed. 

Besides this type, which is found in Pulex and in many of the 
Neuroptera and Orthoptera, there is a second type of ovarian tube, 
distinguished from the first by a more complicated structure of the 
ovarian chambers. The lumen of such egg-tubes encloses above the 





* Compare R. Leuckart, ‘* Ueber die Mikropyle und den feineren Bau der 
Schalenhaut bei den Insecten.” Müller’s Archiv., 1855. 
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ovum a single (Forficulı), or a number of yolk-forming cell; (nutri- 
tive cells), so that we can distinguish in the egg-tube alternate yolk 
and germ compartments (fig. 453, « and b). In rare cases (Aphides) 
there is at the end of each egg-tube a common larger chamber of yolk 
cells, which are connected with the egg-chambers by means of “ yolk- 
cords” (fig. 453 c). 

Parthenogenesis and Heterogamy.—In certain insects, partheno- 
genesis, &.e., spontaneous development of unfertilized ova, has been 
shown to obtain; this occurs in the 
Psychide (Psyche), Tineide (Solenobia), 
Coccide (Lecanium, Aspidiotus) and 
Chermes; also in numerous Hymenop- 
tera, especially in Bees, Wusps, O’ynipide, 
and Tenthredinid@ (Nematus). In the 
Hymenoptera which live together in 
the so-called animal communities, male 
forms only are produced from the unfer- 
tilized ova (arrenotokia). Chermes affords 
an example of Heterogamy, in that two 
different oviparous generations follow 
one another; a slender and winged 
summer generation, and an apterous 
generation which is found in autumn 
and spring and lives through the winter: 
the males are, in most cases, not yet 
known. The closely-allied Aphides(plant- 
lice), which were formerly supposed to 
present the phenomenon of an alterna- 
tion of generations, behave in a similar 
manner. In them the summer genera- 
tions are very numerous, and are suc- 
ceeded by a sexually-developed autumn 
generation, which includes winged males cggs (after R. Leuckart). a, 
as well as the oviparous and often ap- Pr oh 
terous females (fig. 97, a, b). In the cellaris; e, stalked egg of Paniscus 
spring, viviparous Aphides are developed es 
from the fertilized eggs. These are mostly winged (fig. 99), and in 
their organisation closely resemble true females. Their reproduc- 
tive organs are, however, differently constructed, and are without 
the receptaculum seminis. Since they never copulate, they have 
o‘ten been regarded as asexual forms provided with germ tubes. 
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FıG. 452.—Micropyles (M%) of insect 
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The germ apparatus, however, of the so-called Aphide asexual 
generation not only has a very great resemblance to the female 
generative apparatus of insects, but the structure and mode of origin 
of the germ seems to agree so closely with that of the ovum that 
the viviparous Aphides must be considered as a peeuliarly organised 
generation of females, the genital apparatus of which has undergone 
some simplifications adapted to parthenogenesis. However that may 
be, it will be convenient in this case to call ihe ovary the pseudorery, 
and the ova which originate in it and are incapable of fertilization, 
the pseudova. From this peint of view the reproduction of some 





FıG. 453.—a, Egg tube of Forficula. Nz, Nutritive cells; Ez,ovum; OE, epithelium of the 
wall of the egg tube. 2, Median part of the egg tubeofa Moth. Xz, nutritive calls of 
the yolk-chamber ; Zz, ovum in the germ-chamber; H, connective tissue investment, 
so-called serosa. c, Egg-tube of Aphis platanoides with three ovarian chambers (Ez—E:"') 
and the terminal nutritive chamber with its cells Nz. Ds, yolk cord. 


Diptera (Cecidomyia, Miastor, fig. 100), which can reproduce them- 
selves while still in the larval stage, may be explained. 

The development of the embryo takes place as a rule outside the 
body of the mother, and occupies a longer or shorter period of time, 
according to the temperature and the time of the year. The centro- 
leeithal segmentation leads to the formation of a superficial blastoderm, 
which surrounds the ovum, and always consists of a single layer of 
cells. A part of this blastoderm, on that side of the ovrum which the 
later history shows to be ventral, becomes thickened and sharply 
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marked off from the rest, and forms the structure known as the 
ventral plate, which constitutes the first rudiment of the head and 
ventral half of the embryo. 

In many cases (Rhynchota Libellula) the ventral plate grows out 
from a hill-like thickening of the blastoderm (fig. 454) into the 
interior of the yolk, so that an internal ventral plate arises, in the 
formation of which a portion, though a small one, of the external 
blastoderm partieipates. The ventral thiekening, which gives rise to 
the ventral plate, is caused by long columnar cells, and is at first 
confined to a small portion of the egg; in Hydrophilus the posterior 
end (fig. 455, «). Inasmuch as its lateral edges become elevated 
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Fıe. 454.—Embryonie development of Calopteryz virgo (after Al. Brandt). a, Commencing 
involution of the ventralplate. The blastoderm was at first one-layered and thickened at 
the poles. @, edge of ventral plate. d, Later stage of the involution. ce, The embryonic 
membranes are developed; Lp, parietal (serosa); Zv, visceral(amnion) layer of thelatter. 
d, The appendages have sprouted out on the ventral plate. A, Antenna ; Md, mandible; 
Mrz’, first maxilla; Mx, second maxilla (labium or lower lip). Then follow three pairs of 
legs. e, Eversion of the embryo which is protruded from the sheath of the visceral layer. 
d, Completion of the inversion; the hind end of the body is free; the yolk sac is on the 
dorsal surface. 


and grow towards one another (fig. 455, b,c), the thickened ventral 

plate first assumes the form of a groove, and then, after the fusion of 

the lateral edges, becomes a canal, the lumen of which is soon 

obliterated. The roof only of this canal corresponds to the epiblast, 

while the cells of its floor and its sides give rise to the first rudiment 

of the mesoblast. At the edge of the so-called ventral plate, fresh 
3 
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folds are then formed ; these lead to the formation of the embryonie 
In 


membranes, which are so characteristie of inseet development. 
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Fıs. 455.—Developmen‘ of the embryo of Hydrophilus piceus (after Kowalevski). a, Shield- 


‚ like ventral plate with raised edges. b, The edges are already growing together in the 
middle. c, The groove is almost entirely closed. d, The tail fold of the embryonic 
membranes has grown over the posterior end of the closed groove and is gradually 
extending forward; Am, Amnion. e, The embryonic membranes have almost entirely 
grown over the embryo. /, Theembryonicrudiment beneath the completely closed mem- 
branes; with seventeen primitive segments: X7, Procephalic lobes; A, antenn®. 9, The 
ventral plate extends along the whole length of the ventral surface. The bi-lobed upper lip 
is present, also theantenn®, (A) the jaws, and the first rudiments of the legs; rudimentary 
appendages are present on the seventh segment as prominences. On the abdominal 
segments there are round invaginations, the first rudiments of trachex; there is a 
longitudinal groove from mouth to anus. A, The ventral plate covers the whole ventral 
surface of the ovum; the openings of the invaginations (stigmata) have become small; 
radimentary extremities are still present on the first abdominal segment. The ganglia 
of the ventral chain have appeared. i, Viewed from the dorsal surface the so-called 
dorsal plate has closed up to a tube; Oe isits opening, %, The embryo just before 
hatching seen from the ventral side, 


Hydrophilus these folds grow together over the ventral plate from 


behind forwards, and fuse with one another, so as to give rise to an 










>), 


Eeepdh nn ng 








LARVAL DEVELOPMENT, 547 


external and internal membrane, the former being called the serous 
membrane, and the latter the amnion (fig. 455, d, e). 

Simultaneously with the above-mentioned appearance of the 
membranes (in other cases at an earlier stage of development) the 
ventral plate beeomes divided into two symmetrical halves, the 
germinal bands, which become divided by transverse constrietions into 
segments (up to 17). First of all three cephalic seygments, on which 
the oral appendages are subsequently developed, make their appear- 
ance behind the procephalic lobes, which bear the first rudiments of 
the antenne. Behind these the rest of the primitive segments 
(mesoblastic somites) are successively marked off. 

Inasmuch as the germinal bands become strongly contracted, their 
dorsally bent round, terminal portion becomes drawn more and more 
towards the lower part of the egg, while their lateral parts gradually 
grow round the yolk to form the dorsal surface of the embryo 
(fig. 455, f, 9, h). With these changes the body of the embryo 
has assumed a closed form ; it now poss»sses mouth and anus, the 


first rudiments of the internal > 
RTIT 


organs and the external appen- 

dages of the segments, and is soon ERIT 
ready to escape from the egg and N \\ 

begin its independent life. N 

"In Hydrophilus and the Phry- Fıc. 456.— Eschna larva with rudimentary 
ganide, ypeculiar differentiations ee 
appear on the dorsal surface, giving rise to a dorsal plate, which later 
on becomes folded, so as to form a dorsal canal (fig. 455, 2). 

The post-embryonic development takes place, as a rule, by means 
of metamorphosis, the form, organization and mode of life of the 
young animal, after hatching, being different from that of the 
sexually adult animal. It is only in the lowest forms, the partly 
parasitic Aptera, both sexes of which are without wings, that the 
young leave the egg as perfect animals (/nsecta ametabola). 

In those insects which pass through a metamorphosis, the manner 
and degree of the transformation differs greatly, so that the dis- 
tinction of a complete and an incomplete metamorphosis, which was 
formerly employed, seems to be in a certain degree justified. 

In the case of the incomplete metamorphosis (Zhrynchota, Orthoptera) 
the development of the larva into the perfect winged insect presents 
a number of stages, during which the larva is capable of free locomo- 
tion and of nourishing itself. During these stages, which are marked 
by successive ecdyses, it gradually acquires wings and increases in size, ' 
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the rudiments of the generative organs are further developed, and it 
becomes more and more like the winged insecet. In the simplest case 
the mode of life and the organization of the young larvz closely 
resemble those of the sexually adult animal, as for instance in the 
Hemiptera and Orthoptera genwina, but in other cases the adult and 
larva may differ considerably, although not so much so as in inseets 
with complete metamorphosis; for instance, the larve of the 
Ephemerid® and the Libellulid& live in another medium and increase 
in size under different conditions of nourishment (fig. 456). 

The metamorphosis is only said to be complete in those forms in 
which the larva passes through a quiescent stage, in which it is 
known as a pupa and does not take nourishment. With this stage 





FıG. 457.—Metamorphosis of Sitaris khumeralis (after Fabre). a, First laryal form. 5, Second 
larval form. c, Pseudo-pupa. d, Third larval form. e, Pupa. 


the larval life ends and the life of the winged insect (Imago) begins. 
The larv® of insects with complete metamorphosis differ from the 
sexual animal to such an extent in mode of life and nourishment, in 
the form of the body and in the whole organization, that though the 
parts of the body peculiar to the winged insect are prepared and 
established in larval life, yet a longer or shorter period of quiescence, 
in a certain sense a second embryonie period, seems necessary, during 
which the essential alterations’of the internal organs, as well as the 
consolidation of the newly-established external parts, are effected 
(hypermetamorphosis, Meloidx, fig. 457). 

In the form of their body and the homonomous segmentation, 
the larve recall Annelids, with which they also often have in 
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common the uniform segmentation of the ganglionice chain. Never- 
theless, it is probable that only a proportionately few of the 
larval forms have preserved the primitive form, and have a phylo- 
genetie significance (Orthoptera). In most cases the insect larvae owe 
their special peculiarities to secondary adaptations. In exceptional 
cases, the metamorphosis may be distinguished by quite special larval 
forms, as for instance in the Pteromalina (Platygaster, Teleas), the 
eggs of which are laid in other insect larvs® (fig. 458). 

The lowest, usually parasitie larve are quite vermiform, and are 
without limbs or a separate head, the latter being represented by the 
ante:ior rings of the body (maggots of Diptera and of numerous 
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Fıs. 453.—Larval forms of three species of Platygaster (after Ganin). a, b, ec, Cyclops-!ike 
larval stages with claw-like jaws, cephalothoracic shield and abdomen. d, Second larval 
stage. e, Third larval stage. 

Hymenoptera, fig. 66, a). In other cases there is indeed a separate 

cephalic region, but the following thoracie and abdominal segments 

are entirely without appendages. The larvie of the Neuroptera, of 
many beetles, of the Tenthredinide and butterflies (caterpillars), have, 
on the contrary, jointed appendages on their three free thoracie seg- 
ments, and frequently also a greater or less number of rudimentary 
appendages, the so-called prolegs, on their abdomen. There are two 
rudimentary antenns® on the heads of these larve, and a varying 
number of simple eyes. The mouth parts are, as a rule, adapted 
for biting, even when the adult animal has a suctorial tube, but, with 
the exception of the mandibles, they are usually rudimentary. The 
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mode of nourishment of the larve varies very greatly ; but their diet 
consists mainly of vegetable substances, which stand in great abund- 
ance at the disposal of the quickly-growing body. The larva usually 
undergoes four or five, rarely a greater number of moults, and in 
the course of its growth gradually assumes the form of the winged 
insect, not in all cases by the direct transformation of parts already 
present, but sometimes only after essential processes of new 
formation. 

In this respect, however, there are considerable differences, the 
extremes of which are represented in the Diptera by the genera 
Corethra and Musca. In the case of Corethra, the larval segments 
and the appendages of the head are transformed direetly into the 
corresponding parts of the perfect insect, while after the last larval 
ecdysis the limbs and wings are formed from the ömaginal dises. 
The imaginal dises are derived from the hypodermis of the larva. 
The muscles of the abdomen and the other 
systems of organs pass unaltered, or with 
but little alteration, into those of the 
adult animal. The thoracie muscles, on 
the contrary, originate as fresh formations 
from rows of cells already established in 
: the egg. With these slight changes, the 
Fıs. 458, f—Imago of Platygaster active life of the pupa and the small de- 

(after Ganin). ® 

velopment of the fat body are in necessary 
correlation. In Musca, on the contrary, the pupa of which is quiescent 
and enclosed in a firm barrel-shaped membrane and contains a large fat 
body, the body of the adult animal, with the exception of the abdomen, 
arises by extensive transformations of the larva. The head and thorax 
are developed from imaginal dises, which, already established in the 
egg, become developed in the larva on the investing membrane of the 
nerves or trachex. It is not until the pupal stage that these dises 
grow together, and give rise to the head and thorax. Every thoracie 
segment is composed of two pairs of dises (a dorsal and a ventral), 
the appendages of which represent the later wings and legs. All the 
systems of organs of the larve are said to undergo a disruption 
during the protracted pupal stage as a result of the (recently, 
however, contested) process of so-called histolysis, and are replaced 
by new formations by aid of the fat body and the granular spheres 
arising from the latter. 

When the larva has attained a certain size and degree of develop- 
ment, 2.e., when it is fully grown and provided with the food 
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material required for its future changes, in the form of the enormously 
developed fat body, it is ready to enter on the pupal stage. The 
larve& of many insects prepare above or below the ground, by means 
of their spinning glands, a protective web, in which, after casting 
their skin, they enter the pupal stage (C’hrysalis). The external 
parts of the body of the winged insect either lie against the common 
horny skin of the pupa, so that they are recognizable as such 
(Zepidoptera, pupa obtecta), or they already stand out freely from the 
body (C'oleoptera, pupa libera). This distinetion is, however, an un- 
important one, since in the first case the limbs are free just after the 
ecdysis, and are only cemented afterwards by the hardening eutieular 
layer. If the pupa remains enclosed by the last larval skin (Mus- 
cide) it is termed pupa coaretata. 

In all cases the body of the winged insect lies with its external 
parts sharply marked in the pupa, and the special object of the pupal 
life is to complete the changes of the internal organisation and the 
maturity of the sexual organs. When this is accomplished the 
winged insect bursts the pupal skin, forces its way out by means of 
antenns, wings and legs, and expands those parts which have been 
folded together, under the influence of violent inspirations, by which 
the trachex become filled with air. The chitinous covering becomes 
harder and harder, the urinary secretion which has accumulated 
during the pupal sleep is ejected from the reetum, and the inseet 
is capable of performing all the functions of the sexually adult 
animal. 

The mode of life of insects is so varied that it is hardly possible 
to give a general account of it. The diet is both animal and vege-, 
table, and is taken in the most varied forms, either solid or fluid, and 
fresh or decaying. Plants are especially subject to the attacks of 
inseets and their larve, and there exists, perhaps, no Phanerogam, 
which does not afford nourishment to one or more species of insects. 
On the other hand, insects seem useful or even necessary to the well- 
being of the vegetable world, for in many cases—e.g., many flies, 
bees, and butterflies—they bring about fertilization by carrying the 
pollen to the stigmata of flowers. 

The complex, often marvellous, and apparently intelligent actions 
performed by insects correspond to the perfection with which the 
vegetative organs discharge their functions. Such actions are 
largely carried out instinetively by the mechanism of the organi- 
sation, but they certainly in part depend upon psychienl processes, 
since they presuppose memory and judgment, in connection with 
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the highly-developed perceptive powers of the sense organs. The 
animal enters the world with instinet, but, in order to perform acts 
depending on memory and judgment, it must first acquire the 
necessary psychical conditions by sense perceptions and experience 
(bees). In the inherited organisation are latent all those capabilities 
which have been acquired in the gradual processes of phylogenetie 
modifications and at the expense of psychical forces, and have, at 
last, as the result of frequent use, become automatic and a 
pure mechanical property of the organism, 

The instinetive and psychieal manifestations tend directly to the 
preservation of the individual by providing ways and means for the 
acquisition of food and for protection, but there is a special instinet 
tending to the preservation of the species and the care of the young. 
The most simple example of the latter is to be found in the judicious 
deposition of the eggs in protected localities, and on plants suitable 
for the nourishment of the just-hatched animal. The actions of the 
mother become more complicated in those cases in which the larve 
develop in specially prepared places, and have, as soon as hatched, to 
meet with the requisite amount of suitable nutritive material (Sphexr 
sabulosa). But most wonderful are the instinets of some of the 
Orthoptera and Hymenoptera, which concern themselves about the 
fate of their young after they are hatched and carry nourishment to 
them during their growth. In such cases a great number of indivi- 
duals become associated together for the common welfare in the 
so-called animal communities, in which there is a marked division of 
labour among the different members; males, females and sexually 
aborted forms or neuters (termites, ants, wasps, bees). 

Some insects are capable of producing sounds,* which we must 
in part regard as the expression of an internal disposition. We 
cannot, however, thus regard the buzzing sounds produced during 
flight by Hymenoptera and Diptera (vibration of wings and of the 
foliaceous appendages within the trache®), or the sounds like those 
of a rattle which are produced in numerous beetles by the frietion of 
eertain body segments against one another (pronotum and mesonotum 
of the Zamellicornia) or with the inner sides of the wing-covers, 
although it is possible that such sounds are of some use for defence 
against hostile attacks. Peculiar vocal organs, which produce sounds 
for the purpose of attracting the females, are found in the male 
Cicada on the abdomen, and in the males of the Gryllide and 


* H. Landois, “Die Ton-und Stimmapparate der Insecten.” Leipzig, 1867. 
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LZocustide, at the base of the anterior wings. Both sexes of the 
Acridide also produce similar though feebler chirping sounds, by 
rubbing the femora of the posterior legs against the edge of the wing- 
COVErS. 

Inseets are almost universally distributed, from the equator to the 
extreme limits of vegetation ; certainly with a considerable diminu- 
tion in the number of species, and in their size and beauty of colour. 
Some forms are truly cosmopolitan, e.g., Vanessa cardui. Fossil 
insects are found in ’ 
inereasing numbers of x a 
species, from the car- Ä : 
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boniferous formation to 
the tertiary period. The 
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best preserved are those 
enclosed in amber and EN 
the impressions in the 
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Order 1.—TuysanurA* # 
(including COoLLEM- 
BOLA). 


Wingless insects, with 
hairy or scaly body cover- 
ing; with rudimentary EX 
masticating mouth parts L ° 
and setiform anal fila- 2 x 
ments, which may serve f x 
as a springing appara- Fi \ 
tus, at the end of the ? 1:7 


ten-segmented abdomen. FıG. 459.—a, Campodea staphylinus (after J. Lubbock). 
D 2 b, Anterior half of the body of C. Fragilis (after 

evelopment without Palmen). Tr, Trachea; 8, stigmata; P, legs; P’, rudi- 
metamorpho sis. mentary abdominal feet; A, antenne. 
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The Thysanura seem to have preserved most completely the 
primitive character of the oldest insect forms. The elongated 
Campodide particularly recall certain Myriapods, especially since 
they may have rudimentary feet on the abdomen (fig. 459, a, b). 
On this account the Campodide have been regarded as ancestral 


* John Lubbock, “ Monograph of the Collembola and Thysanura.” Londor, 
1873. 
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forms of the insects. The head bears tolerably long setiform an- 
tenn®, and, as a rule, aggregated ocelli, in place of the facetted 
eyes. The mouth-parts consist of mandibles and maxille, which 
can be retracted into a sort of atrium. In this case an apparatus 
for attachment with gland is often present on the ventral side 
of the first abdominal segment. Trachez are completely absent 
in many Collembola (Podura), while in Campodea they present 
very simple relations. There are only three pairs of stigmata, 
and us trunks which spring from them do not anastomose. On 
the penultimate abdominal segment there 
are often setiform filaments, which when 
forcibly bent ventralwards serve as a 


A Springing apparatus (springing fork fig. 
N 460, a). 


Fam. Campodide (fig. 459). The body is 
ekongated, and the abdomen has ten sezments 
and ends with two filaments. Japyz gigas Br., 
Cyprus. J. solifugus Hal., Campodea staphylinus 
Westw. 

Fanı, Poduride, spring-tails (fig. 460, a). The 
body is stout, globular, or elongated. The ab- 
domen is usually reduced to a few segments, 
and has a ventral organ for attachment, and 
ends with a long, ventrally-bent fork. used in 
springing. Smynthurus signatus Latr., Podura 
aquatica Dee. 

Fam. : Lepismide (fig. 460, 5). Body arched, 
elongated, and thickly covered with metallic 
shining scales. The abdomen has ten segments, 
and terminates with a long median seta and two 
weaker lateral sctex. Lepisma saccharina L., 
Machilis polypoda L. 





Order 2.—ÖRTHOPTERA.* 


Fıs. 460.—a, Podura villosa. 
b, Lepisma saccharina (rtgne Imsects with an incomplete metamorphosis, 


imal). 8 2 R 
BE with two usually unequal pairs of wings. 


Jaws adapted for biting. 

The name of this order, which was borrowed from the wings, is 
by no means suitable for all the forms included, and a very great 
variety prevails, both in the external appearance and in the internal 


* A, Serville, “ Histoire naturelle des Insectes Orthopteres.” Paris, 1839. 
T. De Charpentier, “ Orthoptera descripta et depieta.” Leipzig, 1841. 
L. H. Fischer, “ Orthoptera Europa.” Leipzig, 1853. 
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organisation. The head usually bears long, multiartieulate antenne, 
facetted eyes of considerable size, and also simple eyes. The oral ap- 
paratus is adapted for masticating and biting. On the under-lip 
(labium) the four lobes, and sometimes also their supports (stipites), 
remain separate from one another. The prothorax, the size of which 
is very variable, is always freely moveable, and separated from the 
mesothorax by an artieulation. The form and structure of the 
wings is extraordinarily variable. The anterior wings frequently 
have the form of coriaceous wing covers, or, at any rate, are 
stronger and thicker than the larger posterior wings, which can 
be folded together. In other cases, both pairs of wings are similarly 
formed and have a net-like appearance, like those of the Neuroptera. 
The legs also vary in their form, the tarsus consisting rarely of two, 
usually of three, four or five joints. 

The abdomen usually preserves the full number of segments, and 
ends with caudal appendages having the form of pincers, stylets, 
filaments or set®; ten segments usually take part in its construc- 
tion, the genital opening being on the ninth, and the anus on the 
tenth. On the abdomen of the female there is sometimes an 
ovipositor (Saltatoria). This springs from the penultimate and 
antepenultimate segment, and consists on either side of an upper 
and a lower valve, and an inner spinous rod lying on the upper 
valve and passing along a groove on the upper edge of the lower 
valve. 

Many Orthoptera have a dilatation of the esophagus which may 
be called a crop, and a gizzard; this is followed by the chylifie 
ventricle, which often has some cwcal appendages at its anterior 
end. The salivary glands are often extraordinarily large, and are 
provided with a vesicular reservoir. The number of the Malpighian 
vessels is, with a few exoeptions, very considerable The ventral 
ganglionie cord presents three larger thoracie ganglia, and five, six, 
or seven smaller abdominal ganglia. Some Orthoptera possess tym- 
panie auditory organs. The generative organs consist, as a rule, of 
numerous egg tubes and testieular sacs. Large glands open into 
their efferent ducts. A bursa copulatrix is absent. 

All Orthoptera undergo an incomplete metamorphosis. The two 
sexes are distinguished, not only by the differences of the external 
copulatory organs and by the size of the abdomen, but sometimes by 
the size of the wings (Periplaneta), or by the absence of the wings 
in the female (Heterogamia, Pneumora); and in the jumping Orthop- 
tera (Saltatoria) by the development of a voice organ on the body of 
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the male. The chirping sounds produced .by this organ probably 
serve to call the female to the place, and to exeite her to copulation. 
The female also, in rare cases, has the voice apparatus perfectly 
developed (Ephippigera among the Locustide). The eggs are laid 
under very various conditions—sometimes in the earth, sometimes on 
external objects in air in damp places, or in water. The em- 
bryonic development has been most accurately traced out in the 
Libellulide, in which an internal ventral plate is formed. The larvze 
of the winged forms leave the egg without any trace of wings, and 
either agree with the sexual animal in mode of life and form of body, 
excepting in the number of joints on the antenne and of the corneal 
facets, or differ from it considerably in these relations (Ephemeride, 
Libellulide) in that “ber live in quite another medium. Most of 
them, in the fully developed 
state, feed on fruits and leaves, 
and a few on animal substances. 


Sub-order 1.—Orthoptera 
genuina. 


Front wings small and hard, 
sometimes coriaceous for the 
protection of the hind wings 
and the back. The hind wings 
are membranousand broad, and 
can be folded together longi- 
Fıe. N d, Blatta tudinally., The maxille with 

horny internal lobe toothed at 
the point and covered by the helmet-shaped membranous outer lobe 
(galea), with five-jointed palp. The appendages of the last abdominal 
segment are developed ; the inferior stylets are sometimes wanting. 
The females often have an ovipositor. The larvs» always feed on solid 
substances and always live on land. 





Tribe 1. Cursoria. With running legs. 


Fam: Forficulide, Earwigs (Dermatoptera). Elongated body, with four 
unequal wings, of which the anterior are short horny wing-covers, which lie 
horizontally on the body and cover the thin membranous hind w ings, which can 
be folded by means of joints (fig. 461,a). The abdomen has nine segments and 
ends with a pincer, the arms of which are strongly curved in the male, They 
feed on vegetable matters, especially on fruit, and conceal themselves by dayin 
their haunts, from which they emerge at dusk. Zor ficula auricularia L., Labi- 
duva gigantea Pabr. 
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Fam. Blattide. The body flat, elongated oval, with a broad shield-like 
prothorax, long multiarticulate antenne and powerful locomotory legs, with 
spiny tibiee and five-jointed tarsi. The head is covered by the large pre- 
thoraeic shield and is asa rule without ocelli. External lobe twice as large as 
the internal. The front wings are large wing-covers which overlap one another, 
but these, together with the hind wings, may be absent in the female (Zetero- 
gamia) or in both sexes. Theylive on solid animal matter and avoid the licht 
in the day, living in dark hiding-places. Many speciesare distributed over all 
the world, and in great numbers cause much damagein bakeriesand storehouses. 
The tropical forms are especially large. The females lay their eggs in cases a 
short time before the hatching of the young. These capsules in Periplaneta 
orientalis enclose about forty ergs, arranged in two rows. In this animal 
the metamorphosis is said to last four years. Periplaneta orientalis L., 
common cockroach, said to have been introduced into Europe from the East 
(fig. 461,5). P. americana Fabr., Blatta laponica L., B. germanica Fabr, 


Tribe 2. Gressoria. With ambulatory legs. 


Fam. Mantide (Fangheuschrecken). Anterior predatory legs, the jagged 
tibie of which can be folded against the tooth»d femora. They prey on other 
insects, and inhabit warm and hot countries ; only the smaller species extend 
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Fıg. 462. — Gryllotalpa vulgaris (regne animal). 


to South Europe. The females lay their eggs in clumps on plants, and surround 
them with a tough secretion, which hardens so as to form a capsule. This 
secretion is produced by the filiform appendages of the oviduct. Mantis 
religiosa L., praying insect, in South Europe. 

Fam. Phasmid® (Gespenstheuschrecken). The body elongated, as a rule 
linear, with long ambulatory legs. The tarsi have five joints, and bear a large 
lobe for attachment between the terminal claws. Wing-covers and wings are 
often rudimentary or altogether wanting. The anal processes are not jointed. 
They live in the tropies and feed on leaves. The wingless forms resemble dried 
twigs, the winged dried leaves. Bacteria calamus Fabr., Surinam. Phasma 
Jaseiatum Gray, Brasil. Phyllium sieeifolium L., Bast Indies. 


Tribe 3. Saltatoria. With jumping legs. 


Fam. Acridiide (Grasshoppers). With short filiform antenn®. The an- 
terior wings are stiff and only a little broader than the anterior division of 
the hind wings, which during quiescence are folded up like a fan and com- 
pletely covered by the front wings. The auditory organs lie on either side on 
the metathorax. The female has no projecting ovipositor, but has an upper 
and lower genital valve, each composed of two horny stylets. The males can 
produce achirping sound by rubbing the toothed internal edge of the posterior 
femora against the projecting nervures of the wing-covers. In the female, also, 
this stridulating apparatus is present, though in a rudimentary form, and not 
more developed than in the male larvz. The females of many species are able 
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to produce weak chirping sounds. T'hey live principally in fields, meadows 
and mountains, the larve being present in spring and summer, and the sexual 
animals in late summer and in autumn. They fiy with a rattling sound, and 
as a rule, only for short distances. They feed on plants. Tettir subulata L., 
T. bipunctata Charp., (Edipoda migratoria L., South and East Europe, 
Enormous swarms migrate together, and distribute themselves in corn-fields, 
causing much damage. Acridium tataricum L., South Europe. 

Fam. Locustide (Laubheuschrecken). The body is elongated and usually 
coloured grass green or brown. The antenn& are very slender, and the wing 
covers usua.ly lie vertically on the body. The auditory organs are in the tibia 
of the front legs. Thefemales have a projecting sabre-shaped ovipositor, which 
consists of a right and left double valve on the eighth and ninth segments; 
between the valves there is, on either sida, a style which arises on the ninth 
segment. The eggs are deposited in the earth in late summer or in autumn, 
and there pass the winter. The larvz are hatched in the spring. and after 
many months develop into ihe 
winged sexual animal late in 
the summer. The Zocustide 
live in forests and bushes, or 
in fields on the tops of grass 
stalksand shrubs. Zocusta riri- 
dissina L., L. cantans Charp.; 
Switzerland. Zphippigera per- 
ferata Ross., Italy and South 
Germany. 

Fam. Gryllide (Grabheu- 
schrecken). Of thick ceylindrical 
body form, with thick free head. 
Antenn® usually long and seti- 
form ; wing covers (anterior 
wings) short, placed horizon- 
tally, and the hind wings, when 
rolled up, project far beyond 
them. The anterior legs are 
sometimes digging feet. 

The male gives rise to shrill chirping sounds by rubbing his two wing-covers, 
which present the same structure, against each other, and these sounds probably 
attract the female. During copulation the male attaches to the female 
genital opening a spermatophore, which, as in the (rustacea, is carried about 
till it is empty. The females have a straight cylindrical ovipositor, which is 
spindle-shaped at the end; more rarely they are without an ovipositor. The 
Gryllid@ mostly live beneath the earth in holes and passages, and feed on roots 
and animal matters. The larv» are hatched in summer and pass the winter in 
the earth. Gryllotalpa vulgaris Latr., mole cricket (fig. 462). In gardens and 
fields; very harmful. 'They lay two hundred to three hundred eggs, which they 
place, enclosed in a mass of plastered earth, at the end of their subterranean 
passages. Gryllus campestris L., field-cricket (fig. 463). @. domestieus L., 
house-cricket. (@. sylvestris. Fabr, 


Sub-order 2,—Orthoptera Pseudo-Neuroptera. 





Fıg. 463.—Gryllus campestris Z (regne anima)). 


The wings thin and membranous, both pairs being similarly 
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eonstructed. They usually cannot be folded together, and possess a 
network of nervures more or less close. 

Tribe 1. Physopoda. The body small, narrow and flat, with 
tolerably similar wings, covered with delicate hairs. The mandibles 
are setiform, and the mouth parts are suctorial. 


Fam. Thripsid@, Thrips physapus L., found in the flowers of ehickory. 


Tribe 2. Corrodentia. Wings with few nervures, and sometimes 
quite without transverse nervures. The head has strong mandibles 
with toothed internal edges. The first maxillae with hooked masti- 
eatory portion, the point of which is furnished with two teeth, and 
with membranous external lobe. The Corrodentia feed on dried 
vegetable and animal substances. 


Fam. Psocide, booklice. Zroctes pulsatorius L., found in collections of 
ınsects and between papers. Psocus domesticus Burm., Ps. strigosus Curt. 

Fam, Termitide,* white ants. The antenn& have from eighteen to twenty 
joints, with two ocelli 
in front of the eyes and 
strong mandibles. The 
delicate wings, which are 
of equal size, lie in rest 
parallel to the body. 

The Termites (fig. 464) 
live together in commu- 
nities, composed of in- 
dividuals of different 
kinds. The winged 
forms are the sexual in- Fıe. 404.—a, Male of Termes Zueifugus (rögne animal). 
dividuals ; the apterous 
forms are partly the larve and pupz& of the sexual forms, and partly fully 
developed (in species of Calotermes and Termes lucifugus) sexually aborted 
males and females (neuters). The latter are divided again into soldiers, 
which look after the protection of the community and are provided with large 
quadrangular head and very strong mandibles, and workers with small 
rounded heads and less projecting mandibles.. These individuals under- 
take the other work of the community. In species of Butermes, every 
trace of sexual organs may be wanting in the neuters. Some species livein 
South Europe, but the greater number are found in the hot parts of Africa 
and America, where they are notorious for their ravages and their nests. The 
Termites make their dwellings either in the trunks of trees, often only beneath 
the bark, or on the surface of the earth in the form of hills, in which they 
excavate passages and cavities. The nests of species of Calotermes are the most 
incomplete ; they only gnaw passages in wood, which mainly run in the 





* H. Hagen, “ Monographie der Termiten.” Lin. Entomol., Tom. X. and XIV. 

Ch. Lespes, “ Recherches sur l’organisation et les maurs du Termite lucifuge.” 
Ann. des Se. Nat. IV. ser., Tom. V., 1856. 

Fr. Müller, “ Beiträge zur Kenntniss der Termiten.” Jen. nat. Zeitschr, 
Tom. VII., 1873. 
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direction of the axis ofthe tree. There is no special place for the queen. The 
walls of the passages are usually coated with a thin layer of exerement, In 
species of Zutermes, in which the soldiers have pointed heads, the passages are 
so close to one another that the wood partition between them disappears, and 
the wall of excrement alone separates them. When» the nests project outside 





Fıe. 484.—b, Pregnant female (queen) of Termes lIucifugxs. c, Pupa. d, Pupa of the second 
form. e, Soldier. f, Worker. g,Larva. (After Ch. Lespes). 


the tree, they form the so-called spherical tree-nests. There are also nests 
which are attached to trees from outside, and are built of earth or clay. Other 
species of Zutermes make their nests in holes in the earth beneath the roots of 
Palms. Some, as Anoplotermes pacifieus, build hills of earth. In this species, 
soldiers are absent ; the males and females leave the community shortly after 
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they have cast their pupal skin, probably copulate after they return from theır 
flight to the nest, and then lose their wings, retaining only the basal stump. 

The males remain behind in the community, as according to the works of 
Smeathman, Lespes, Bates, ete., a king is said to remain always in the com- 
pany of the queen. After copulation the queen, which remains in the com- 
munity, swells up to an enormous size on account of the enlargement of her 
ovary, and begins to lay the eggs frequently in special places in the nest. 
They are at once carried away by the workers. Termes lueifugus Ross., South 
Europe. 7. fatale L., in tropical Africa, builds hills from 10 to 12 feet high, 
Calotermes flavicollis Fabr., South Europe. 


Tribe 3: Amphibiotica. The larve live in water and possess 
tracheal gills. 


Fam, Perlide. Body elongated and flat, with laterally placed eyes, three 
ocelli and setiform antenne. The wings are 
unequal, and the posterior region of the broad 
hind wings can be folded downwards, The 
abdomen has ten segments and two long 
segmented filaments. The wings are often 
reduced in the males. The female carries the’ 
eggs for a time in a depression of the ninth 
abdominal segment, and finally deposits them 
in water. The larve live bencath stones. 
They usually have tracheal gills on the thorax, 
and feed principally on the larve of Zpheme- 
ride. Nemura nebulosa L., Perla bicaudata 
L., P. (Pteronareys) retieulata Burm., with 
tufted gills. Found in Siberia. 

Fam. Ephemerid®e. May flies. Body slender, 
and soft-skinned, with hemispherical eyes, 
three ocelli and short setiform antenn®, The 
front wings are large, the posterior small and 
rounded, sometimes fused with the anterior or 
altogether absent. The mouth parts are rudi- 
mentary. The males have very long front 
legs. The abdomen has ten segments and 
terminates with three long anal filaments, of 
which the median one may be absent. The ! 
penultimate abdominal segment of the male Fıe. a vulgata (vdgne 
has two jointed copulatory forceps. The May a unene:, 
flies live only a short time in the winged stage, taking no nourishment and 
devoting themselves entirely to the business of reproduction. We often find 
swarms ofthemin the air on warm summer evenings and the next morning 
see their dead bodies lying in quantities on the ground. The larv live at the 
bottom of clear water and feed on other insects, They have a large head with 
powerful mandibles and toothed maxille. On the abdomen they bear six 
to seven pairs of swinging plates, which function as tracheal gills, and at the 
end of the abilomen they have three long feather-like caudal scte. The larv 
moult frequently (in O%loeon more than twenty times) and, according to Swam- 
merdam, require three years for the passage into the winged insect. After the 
ecdysis of the pupal skin, which is provided with the rudiments of wings, the 
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winged insect, which is now in the subimago stage, undergoes another eedyeis 
and becomes an imago. Ephemera vulgata L. (fig. 465). Palingenia longi- 
canuda Div. 

Fam. Libellulide. Dragon flies. Large slenderly-built inseets with freely 
moveable, transversely cylindrical head, short six- to seven-jointed thin and 
pointed antenn&, and four large net-like latticed wings. The mouth parts are 
powerfully developed, and are covered by the large upper lip. The maxille 
have fused horny lobe, and single-jointed sickle-shaped palp. The labium 
has a simple or divided internal lobe and separate outer lobes fused with tbe 
bi-jointed palp. The abdomen has ten joints, and on the last segment two 
unjointed anal styles opposed to one another, so as to form a sort of forceps. 
They live near water, and feed on other insects. The two sexes are usually of 
different colours, and their flight is rapid and prolonged. During copulation 
the male clasps the prothorax of the female with his abdominal forceps, while 
she bends her abdomen towards the base of his abdomen. Here is placed the 
copulatory organ, which is remote from the genital opening, and is filled with 
Sperm prior to copulation. The larvs» live in water and are predaceous. The 
lower lip is modified to form a special predatory apparatus (the mask) (fig. 456). 
Many of them breathe by means of tracheal gills, which are placed at the end 
of the abdomen or in the rectum. Calopteryx® virgo L., Agrion puella L., 
Hschna grandis L., Libellula vulgata, flaveola L. 


Order 3.—-Neuroptera.* 


Imsects with biting (sometimes also suctorial)) 
mouth parts, with free prothoraxw and mem- 
branous wings, the nervures of which form 
a met-work. The metamorphosis is complete. 

Most Neuroptera have an outward re- 
Fre. 406.—Panorpa communis somblance to the Zibellulid and Ephemeride, 

(regne animal). 

while others resemble the Zepidoptera in their 
scaly wings. The two pairs of wings are usually similar and mem 
branous, and their size is almost equal. They are traversed by a 
close network of nervures which, however, differs essentially from the 
nervation of the Neuroptera-like Orthoptera. The front wings never 
have the form of wing-covers, but the hind-wings can sometimes be 
folded together and sometimes not. They may be covered with 
scales and hairs (Phryganide). The mouth parts present a greater 
approximation to the Beetles, in that the labium only rarely shows 
any trace of a median slit, the two pairs of lobes being fused to a 
single plate. In one group (Phryganide) we find suctorial mouth 
parts. The mandibles in this case are aborted, and the labium and 
maxille fuse to form a tube. As a rule the antenn® are many- 





* E. Pictet, “ Histoire naturelle des Neuropteres.” Genf 1834. 

+ E. Brauer und Fr. Löw, “ Neuroptera Austriaca.” Wien, 1857 

Brauer, “ Beiträge zur Kenntniss der Verwandlung der Neuropteren. ve hand, 
der zool,-bot. Gesellschaft zu Wien. Tom IV. und V, 
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jointed, filiform or setiform, the eyes of medium Sise, and the tarsuses 
five-jointed. The prothorax is always freely moveable, and the abdo- 
men is composed of eight or nine segments. The nervous system is 
similar to that of the’ Orthoptera, and consists of elearly distinet 
thoracie and abdominal ganglia. There is always a muscular gizzard 
on the digestive canal (Myrmeleontide, Panorpide). A sucking 
stomach is found only in the Zemerobide. Six to eight long Mal- 
pighian tubes arise from the hindgut. The metamorphosis is always 
complete. The larv® prey on other animals, and are provided with 
biting or sucking forceps (formed from the mandibles and maxille). 
They pass into a quiescent 
pupal stage, in which the parts 
of the winged insect can al- 
ready be made out. The pupa 
is often surrounded with a 
cocoon, but possesses the power 
of locomotion to a certain de- 
gree, since before the animal 
passes out of the pupal stage 
it ceases to be quiescent and 
seeks out a place suitable for 
development. Fossil remains 
are found in tertiary forma- 
tions and in amber. 

Sub-order 1. Planipennia. 
Front and hind wings similar, 
never capable of being folded. 
The mouth parts are powerful 
and adapted for mastication. Fıs. 467.—a, Larva of Muntispa styriaca after 

Fam. Sialid@, With large head hatching. db, The same before the pupal stage 

RS (after F. Brauer). ce, Mantispa pagana (rögne 
bent obliquely forwards, and PIO- animal). 
jecting hemispherical facetted eyes, 
The wings, when at rest, overlap one another like the slates on & Toof. 
The larvz have biting mouth-parts, with four-jointed maxillary palps and 
three-jointed labial palps. Sialis lutaria L., Corydalis cormuta L., Raphidia 
ophiopsis Schum. camel-neck flies. 

Fam. Panorpid» (Schnabelfliegen). The headissmall and placed vertically ; 
the multiarticulate antenn& are placed in the frontal region beneath the ocelli. 
The oral region is prolonged in the form of a beak. The wings are long and 
narrow, and similar to each other. The larvx are like caterpillars. They have 
thirteen segments and a heart-shaped head, and biting mouth-parts. They live 
in damp earth, where they dig horseshoe-shaped Passages, and are transformed 


into pupe in oval cavities. Panorpa commaunis L. (fig. 466). Bittacus 
Pularius Fabr, 
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Fam. Hemerobid® (Florfliegen). Head vertical; antennz filiform. The 
two pairs of wings are transparent like glass and are nearly equal in size. The 
larvssuck insects and spiders. Mantispapagana Fabr. Anterior legs predatory; 
prothorax much elongated (fig. 467,a, b, c). The larvz, after eight months’ 


fasting, bore their way by means of their sucking forceps into the ovisacs of - 


spiders, and suck out the eggs and the young. After the first moult, the legs 
are reduced to short stumps, and the body becomes like a Hymenopteran 
maggot. When about to enter the pupal stage, they spin a cocoon in the 
ovisac, and strip off the larval skin in the middle of June. The pupa breaks 
through the cocoon and moves freely about till it casts its skin and is trans- 
formed into the winged insect. Chrysopa perla L. The eggs have long stalke. 
The larve have sickle-shaped suetorial forceps, feed on Aphides and spin 
globular cocoons. Hemerobius lutescens Fabr. The lary& feed on Aphides. 
Osmylus maculatus Fabr., Nemoptera (Nematoptera Burm.) coa L., Asia Minor 
‚and Turkey. 

Fam. Myrmeleontide (Ant-lions). With large vertically-placed head; 
antenne knobbed at the ends; prothorax shert and narrow ; mesothorax 
very large. Wings of equal size. The larvs with toothed sucking pincers 
composed of mandibles and maxill®, and short broad abdomen, live in light 





Fıg. 468.—a, Myrmeleon formicarius (regne animal). 2, Its larva. 


sandy soil, in which they hollow out funnels. Before entering the pupal stage 
they spin a globular envelope for themselves (fig. 468). Myrmeleon formicarius 
L., M. formicalynez Fabr., Palpares lVibelluloides L., South Europe. Ascalaphus 
italicus Fabr. 

Sub-order 2. Triehoptera.*—Wings covered with hairs or scales , 
the hind wings can as a rule be folded. The mouth parts with 
aborted mandibles ; the maxille and the labium fuse to form a kind 
of suctorial proboscis. In many cases (Oestropside Brauer) the 
maxille and labium as well as the mandibles become aborted during 
the pupal stage. 


Fam. Phryganide (spring-flies). The small vertically-placed head with 
long setiform antenne and hemispherical projecting eyes. The wings are 
covered with scales, and have but few transverse veins. They lie on the back 
in a teetiform manner, The larv® live in water in tubular cases, which, in 


* J. Pietet, ‘“Recherches pour servir ä l’'histoire et l’anatomie des Phryga- 
nides,’’ Geneve, 1834. 

H. Hagen, ‘“Symopsis of the British Phryganid®,” Zintomol. Annual Tor 
1859, 1860, 1861. 
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Hydropsyche and Rhyacophila, are fastened to stones. In the walls of these 
cases there are sand grains, bits of plants and empty snail shells. The larve 
have biting mouth parts and filiform tracheal gills on the body segments. They 
project their horny head and thoracie segments, with their three pairs of legs, 
from these tubes and crawl about. The pupa leaves the case, which serves also 
as a pupal skin, and develops into the winged insect out of the water. The per- 
fect insect resembles the Lepidoptera in many respects, and lives near water on 
leaves, and the stems of trees. The female lays her eggs in clumps enclosed in 
a gelatinous case on stones and leaves near water. Phiryganea striata L. 
(fig. 469). Mystacides quadrifasciatus Fabr,, Hydropsyche variabilis Pict. 


Order 4.—Strepsiptera.* 


Insects with rudimentary anterior wings rolled up at the points and 
large hind wings which can be folded longitudinally. The mouth parts 
are rudimentary. In the female there are neither wings nor legs. The 
larve are parasitie in the body of Hymenoptera. 


The mouth parts are reduced in the adult sexual animal, and 





Fı@. 469.—a, Phryganca striata. d, The larva freed from its case (rögne animal), 


consist of two pointed mandibles which overlap one another, and 
small maxille, which are fused with the lower lip and are provided 
with two-jointed palps. The prothorax and mesothorax are two very 
short rings, but the metathorax is unusually elongated, and covers 
the base of the abdomen, which consists of nine segments. The 
males possess small rolled-up wing covers, and very large hind wings, 
which can be folded longitudinally like a fan. The females have 
no eyes, and remain through life without wings or legs like 
maggots; they never leave their pupal skin nor their parasitie 
” * W. Kirby, “Strepsiptera, a new order of Insects,” Tyansact. Linn. Soc., 
2 Biebela, 5 Ueber Xenos spheceidarum und dessen Schmarotzer,” Beiträge 
zur Naturgeschichte der wirbellosen Thiere, 1839. 


ruy. Siebold, “ Ueber Strepsiptera,” Archiv für Naturgesch., Tom IX., 1843, 
Ctis, ** British Entomology,"” London, 1849. 
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habitat in the abdomen of wasps and humble bees (Bombylüde) from 
which they only protrude the anterior part of their body. In copu- 
lation the males are said to open by means of their copulatory 
organ the dorsal tube of the female, which is at first closed. The 
ovaries have no oviduct, and continue as it seems at an earlier stage 
of development, since they— probably like those of the viviparous 
Cecidomyia larve—produce eggs. The eggs fall freely into the body 
cavity, are fertilized and develop (perhaps sometimes parthenogene- 
tically) into larve, which pass out through the above-mentioned 
dorsal canal and become attached to larv of beesand wasps (fig. 470). 
In this larval state they are able to move about and possess, like the 
young larve of Cantheride, three well-developed pairs of legs, and 
two caudal sete on the abdonen. They bore their way into the 
body of their new host. About 
eight days later they undergo 
an ecdysis, and -hange to 
an apodal cylindrical maggot, 
which becomes a pupa within 
the Hymenopteran pupa, and 
as such bores its way out with 
its head from the abdomen of 
the latter. The males leave 
the pupal skin and seek the 
females. They seem to live 
only a short time. 

Fam. Stylopide. XYenos Rossii 
Kirb. (X. vesparum Ross.) parasitic 
in Polistes gallica. Stylops melitte 
Kirb. 





Fı6.470.—Stylops Childreni(after Kirby). a, Larva. 
db, Female. c, Male, 


Order 5.—Rhynchota*=Hemiptera. 


Insects with jointed rostrum, piercing (exceptionally biting) mouth 
parts. With usually free prothoraw and incomplete metamorphosis. 

The mouth parts are almost without exception arranged for 
taking up fluid nourishment, and are usually represented by a 
rostrum, in which the mandibles and maxill», as four rigid styles, 
are moved backwards and forwards. The rostrum, which is formed 


* Burmeister, “Handbuch der Entomologie.” II. Bd., Berlin 1835. 

J. Hahn, “Die wanzenartigen Insecten.” Nürnberg, 1831-1849. Continued 
by H. Schäffer. 

F. X. Fieber, “Die europäischen Hemipteren nach der analytischen Methode.” 
Wien, 1860, 
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by the labium, is a three- or four-jointed almost closed tube, which is 
narrowed towards the point, and is covered at the larger open base by 
the elongated three-cornered upper lip. The antenn® are either 
short and three-jointed with & setiform terminal joint, or are 
many-jointed and often elongated. The eyes are small and usually 
facetted, but they are sometimes ocelli with a simple cornea. 
Frequently two ocelli are found between the facetted eyes. The 
prothorax is usually large and freely moveable, but all the thoracie 
segments may be fused together. Wingsare sometimes quite absent ; 
usually four, rarely two, are present. In the first case the front 


‘ wingsare horny at the base and membranous at the tip (Hemiptera), 


or the front and hind wings are similarly formed and are membran- 
ous (Homoptera), though the anterior are often stiffer and coriaceous. 
The legs are, as a rule, adapted for walking, but sometimes they 
serve for clinging or swimming. In other cases the front legs are used 
to capture prey, or the posterior for springing. The alimentary 
canal is distinguished by the numerous salivary glands, and by the 
complisated chylifie ventriele, which is often divided into three 
regions; behind the chylifie ventriele usually four Malpighian tubes 
open into the hindgut. The ventral cord is concentrated into three, 
usually into two thoracic ganglia. With exception of the C’icada, the 
female genital organs have only four to eight egg-tubes, a simple 
receptaculum seminis and no bursa copulatrix. "The testes are com- 
posed of two or more tubes, the ducts of which are usually dilated 
at the lower end. Many (bugs) emit an offensive smell, which pro- 
ceeds from the secretion of a gland placed in the mesothorax or 
metathorax, in the latter case opening between the hind limbs. 
Others (Homoptera) secrete by means of numerous cutaneous glands 
a white waxy film which covers the surface of their body. They all 
live on vegetable or animal juices, to which they obtain access by 
means of the piereing styles of their rostrum. Many of them, by 
their appearance in great numbers on young plants, are harmful, and 
somstimes cause gall-like outgrowths; others are parasitic on animals. 
The young, when hatched, possess the form and habits of the sexually 
maiure animal. They have, however, no wings, which make their 
ap»earance as small stumps after one of the first moults. The true 
Cicada need several years to effect their metamorphosis. The male 
Cocceide change inside a cocoon to quiescent pupe, and undergo 
accordingly a complete metamorphosis. 

Sub-order 1. Aptera=Parasitica. Wingless Ahynchota, with short 
fleshy rostrum and broad cutting styles. Sometimes they have 
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rudimentary biting mouth parts, an indistinetly segmented thorax, 
and an abdomen which usually consists of nine segments. 


Fam. Pediculide. Lice. With fleshy proboseis-sheath armed with recurved 
hooks, protrusible suctorial tube, and two protrusible knife-like stylets, The 
antenne have five joints. The feet, which are adapted for clinzing, have 
hooked terminal ioints. The eyes are small and not facetted, The animals 
live on the skin of Mammalia, and suck their blood, and lay their pear-shaped 
eggs in the roots of the hair. The young, when hatched, do not undergo a 
metamorphosis, and the louse which infects the human head, is fully developed 
and capable of reproduction in eighteen days. Pedieulus capitis Dez. Head- 
louse of man. P. vestimenti Burm. (larger and of pale colour). Pihirius 
pubis L. (fir. 471). 

Fam. Mallophaga (Anoplura) (Pelzfresser). Lice-like in form, with three- 
to five-jointed antenne, and biting mouth parts, no fleshy proboseis, but a sort 
of suctorial tube. They live on the skin of Mammalia and Birds, and feed on 
young hairs and feathers, but alsoon blood. 7richodectes canis Dez. Philopterus 
versicolor Burm., Dotheum 
anscris Sulz. Aenopon 
Nitschh M. zıllidum 
Nitsch, on fowls. 


Sub-order 2. Phy- 
tophthires. * Ahyn- 
chota with two pairs 
of membranous wings. 
The female is usually 
apterous. The sırface 
of the skin is very 
often covered with a 
dense waxy deposit, 


Fıe. 471.—Phthirius pubis (after Landois) St, Stigma; the product of cuta- 
Tr, Trachea. 





neous glands which 
are placed in groups beneath warty prominences of the segments. 


Fam. Coceid& (Schildläuse). The large fenıales have a shield-shaped body, 
and are wingless. The males are much smaller, an have large front vings, 
and sometimes also rudimentary hind wings, The fully-developed nmales 
have no proboseis or piereing weapons, and do not take in nourishnent, 
while the unwieldy, often unsymmetrical females, which may even have lost 
the segmentation, insert their long rostrum into the parenchyma of plantsand 
remain motionless. The eggs are deposited beneath the shield-shaped body 


* CO, Bonnet, “ Traite d’Insectologie,’’ Tom. I., Paris 1745. 

J. F. Kyber, “ Erfahrungen und Bemerkungen über die Blattläuse.” Germar's 
Magaz. der Entomol. om. I., 1815. 

J. H. Kaltenbach, ‘ Monographie der Familie der Pflanzenläuse.” Aachen, 
1843, 

R. Leuckart, “ Die Fortpflanzung der Rindenläuse.” Archiv für Naturgesch.. 
1859. 
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and develop, protected by the drying-up body of the mother, They are generally 
fertilized (Coceus), but sometimes develop parthenogenetically (Lecanium, 
Aspidiotus). Unlike the female (and forming a single exception to what 
otherwise obtains in the order), the males undergo a complete metamorphosis 2 
the apterous larv surround themselves with a cocoon, and are transformed into 


 quiescent pupx. Many Coceide cause great damage in conservatories, Others 


are useful in industry, in that they produce a colouring matter (cochineal), 
while others are useful in causing, by their puncture, an outflow of vegetable 
Juices which when dried, are used by man (lae, manna). Aspidiotus nerü. 
Bouche, found on the Oleander, Zecanium hesperidum L.., L. persice Bouche. 
Kermes ilieis L., on Quercus eoccifera, also K, ? (Cheous) lacca Kerr., on Ficus 
religiosa in the East Indies. Coceus cacti L., (fig. 472) lives on Opuntia 
eoccinellifera, Mexico, gives cochineal. C. adonidum L., ©. (2) manniparus 
Ehbg., on Tamarix (manna). 

Fam. Aphids,* plant-lice. Asa rule, there are four transparent wings, with 
a scanty venation. The wings may, however, be absent in the female, and 
rarely in the male. The Aphide live on vegetable juices, and are found on 
roots, leaves and buds of quite definite plants. 
They frequently live in the spaces of gall-like 
swellings or deformities of leaves, which are 
produced by the punctures of the plant-lice. 
Many of them possess, on the dorsal surface 
of the antepenultimate segment, two *“ honey 
tubes,” from which is secreted a sweet fluid 
—the honeydew— which is eagerly sought for 
by ants. In addition to the usually apterous 
females, which, as a rule, only appear in 
autumn with the winged males and lay 
fertilized eggs after copulation, there are 
also viviparous, usually winged generations, 
which appear principally in the spring and 
in summer, and which produce their living 
brood without the assistance of males. Bon- 
net observed nine generations of viviparous 
aphides succeed one another. They are distin- 
guished from the true oviparous f&males, not only by their form and colour, and, 
in many cases, by the possession of wings, but also by essential peculiarities in 
the generative apparatus and the eggs (pseudova, germs). The receptaculum 
seminis is absent, and the eggs undergo their embryonic developmentin the very 
long egg-tubes. Viviparous and oviparous aphides usually succeed one another 
in regular alternation, since the females lay fertilized eggs in the autumn, 
which survive the winter and in the spring give birth to viviparous aphides, 
the descendants of which are also viviparous, and produce viviparous forms 
through a number of generations. It is only in the autumn that the males and 
the oviparous females are born which copulate. Viviparous individuals of many 
forms seem to pass the winter in ant-hills. Sexual forms (at time of birth 
already mature, wingless and without proboscis) are sometimes found in the 
spring ; they are in all probability produced by such viviparous forms which 
have persisted through the winter. This has been shown to be the case for 





Fıg. 472.—Coccus cacti. a, Fomale, 
b, Male (after Burmeister). 


* Derbös, “Notes sur les Aphides du pistachier t6röbinthe,” Ann. des Se. 
Nat. 1872. 
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Pemphigus terebinthi by Derbes. Here the sexual animals are succeeded by 
apterous asexual animals, which produce the galls, and the descendants of which 
are the winged asexual generations which are dispersed and pass through the 
winter. The reproduction of Chermes and Phyllozera is different, in that in 
place of the viviparous generations there is a special oviparous sexual form, which 
also produces eggs capable of developing parthenogenetically. The apterous 
females of the fir-tree lice pass the winter at the base of the younz buds, 
increase in sizein spring in the same place, undergo several moults, and lay a 
number of eggs. The young, when hatched, pierce the swollen pointed leaves 
of the young shoots and produce galls. They develop later into winged females. 
In Phyllowera quercus, besides the two generations, there is another genera- 
tion, which appearsin autumn and consists of very small movable males and 
females (without suctorial proboseis or alimentary canal). These animals arise 
from two kinds of eggs which are laid on the roots. The female, after copula- 
tion, lays only a single egg. It is the same with the famous vine-lice (Ph. 
vastatrie), the larve of which pass the winter on the roots of the vine 
(fig.473). The prineipal enemies 
of the Aphides are the larvz of 
the Ichneumonide (Aphidius), 
Syrphide, Coceinelleand Heme- 
robide. 

a. Leaf-lice,s.st. Schizoneura 
lanigera Hartg., on apple trees. 
Lachnus pini L., L. juglandis 
L., L. fagi L., Aphis brassice 
L., A. rose L. 

b. Bark-lice. Chermes abietis 
L., Ch. larieis Hartz., Phyl- 
loxera quereusv. Heyd., on oak 
leaves. Ph. vastatrir, vine- 
lice, with winged and apterous 
generations. 


ee as ERBEN h Fam. Psylliide (Psyllodes), 

16.473.— Phylloxera vastatrıx. a, Wingless root-louse 2. . 

seen from the back, 5, from the ventral surface. Has Hals, aaa 
c, Winged form, ten joints. Inthefully-developed 


stage always winged. The bind 
legs serve for springing. Their puncture often occasions deformities of Howers 
and leaves. Psylla alni L., Livia juncorum Latr. 





Sub-order 3. Homoptera-Cicadaria. Both pairs of wings are, as 
a rule, membranous. Sometimes the front pair is coriaceous, not 
transparent and coloured. They lie, when at rest, obliquely on the 
body. The head is relatively large, and often prolonged into pro- 
cesses. The rostrum always arises low down, and apparently between 
the front legs; it has three joints. Im many species the hind legs 
are springing legs, with which the animal jumps before flight. The 
females have an ovipositor, and often lay the eggs beneath the bark 
and in the twigs of plants. The larve of larger species may live 
several years (ig. 474). 
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Fam. Cicadellide (Kleinzirpen). Jassus biguttatus Fabr., Ledra aurita 
L., Tettigonia vwittata L. Aphrophora. The prothorax is trapezoidal (seven- 
cornered). The larve eject a bubbly foam out of the anus (cuckoo-spittle), 
and envelop themselves in it. The wing covers are coriaceous. Posterior 
tibie have three strong spines. 4A. spumaria L. 

Fam. Membracide (Buckelzirpen). Centrotus cornutus L., Membraeis 
lateralis Fabr. 

Fam. Fulgoride (Leuchtzirpen). In many species the abdomen is thickly 
covered wıtlı long strings and flakes of wax, which in one species (Plata 
limbata) is so richly secreted that it is collected and sold as Chinese wax. 

Fulgora laternaria L., the lantern carrier of Surinam, is erroneously said by 
Merian to emit light from its lantern-shaped frontal process. F. candelaria 
L., Chinese lantern-carrier. Zystra lanata L., and other American species. 
Flata limbata Fabr., China. 

Fam. Cicadide = Stridulantia (Singeicaden). The thick abdomen of the 
male is provided with a voice organ, which produces loud, shrill, chirping 
sounds (fig. 474). They are very shy, and remain concealed between leaves in 
the day time. They 
feed on the juices 
of young shoots, and 
their puncture causes 
a flow of sweet plant 
juices, which harden 
and become manna 
(Cicada orni L., 
Sicily). The females 
have a saw-like ovi- 
positor placed be- 
tween two jointed 
valves. The larv, 
when hatched, crawl 
on the earth, into 
which they burrow / 
Miliihenzehoyellike 0.474, Screada ont (aftan: Paskard); a, Barva, 2, Funa} 


front legs, and suck c, Male, 7y, Stridulating apparatus. 
the juice of roote. 


Cicada orni L., South Europe, C.septemdecim Fabr., Brazil. C. hamatodes L., 
South Germany. 





Sub-order 4. Hemiptera (Bugs). The wings of the front pair are half 
horny and half membranous (hemielytra), and lie horizontally on the 
body. Many species are apterous, as are the females of some species 
of which the males have wings. The first thoracie segment is large; 
and freely moveable. The proboscis arises from the frontal region, 
and when at rest usually lies folded beneath the thorax. Some 
species of the Redwvid® produce a shrill sound, as Pirates stridulus, 
by the movement of the neck on the prothorax. 

Tribe 1. Hydrocores = Hydrocoris® (Water-bugs). The antenns 
are shorter than the head, having only three or four joints, and are 
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more or less hidden from view. The rostrum is short. They 
feed on animal juices. 


Fam. Notonectide (Rückenschwimmer). Coriza striata L., Notonecta glaucs 
L., water-bug. 

Fam. Nepid®, water-scorpions (fig. 475). Naucoris cimieoides L., Nepa 
cinerea L., water-scorpion. Ranatra linearis L. 

Tribe 2. Geocores (Land-bugs). Antenn» direceted forwards, and 
of medium length, having four or five joints. The rostrum is usually 
long. 

Fam. Hydrometride (Ploteres) (Wasserläufer).. Hydrometra lacustris L., 
Limnobates stagnorum L., Velia vivulorum Latr. 

Fam. Reduvide (Aedwvini) (Schreitwanzen). Zeduvius personatus L., 
Pirates stridulus Fabr., South Europe. 

Fam. Acanthiade (Membranacei), skin-bugs. Acanthia lectularia L., bed- 
bug. Aradus depressus Fabr. (corticalis L.). 

Fam. Capside (Blindwanzen), Capsus frifasciatus L., 
Miris erratieus L. 

Fam. Lygeide (Lyge@odes) (Langwanzen). Zygrus 
equestris L., Pyrrhocoris apterus L. (Feuerwanze). 

Fam. Coreide (Coreodes) (Randwanzen). Chreus 
marginatus L., Alydus calcaratus L. 

Fam. Pentatomidz (Schildwanzen). Pentatoma juni- 
pera L., P. rufipes L., P. oleracca. 


Order 6.—Diptera * (Antliata}. 


Insects with piercing and sucking mouth parts, 
with membranous front wings. The hind wings 
reduced to small knobs (halteres). The metamor- 

‚ phosis is complete. 

The designation of this order, which is de- 
rived from the apparent number’ of the wings, 
does not correspond accurately to the actual 

state of matters. Two pairs of wings are present, the front pair 
always as large glassy and transparent plates, the hind pair in a 
rudimentary condition as stalked knobs (halteres). On the inner 
margin of the front wings two lobes are marked off’ by indentations ; 
an ou:er lobe (alula), and an inner one (sguama) which may cover 





FıG. 475.—Nepa cinerea 
(regne animal). 


* J. W. Meigen, “ Systematische Beschreibung der bekannten europäischen, 
zweiflügeligen Insecten,” 7 Theile. Aachen, 1818-1838. 

Wiedemann, “ Aussereuropäische zweiflügelige Inseeten,” 2 Theile. Hamm. 
1828-1830. 

N. Wagner, “Ueber die viviparen Gallmückenlarven,” Zeitschr. für. wiss. 
Zool., Tom. XV., 1865. ‚ 

A. Weissmann, “ Die Entwickelung der Dipteren,” Leipsig. 1864, 

A. Weissmann, “ Die Metamorphose der Corethra plumicornis,” 1866. 
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the hind wings. The latter are composed of a spherical head at the 
end of a thin stalk. Leydig described at the base of the halteres a 
ganglion with nervous rods, which he concluded was an auditory 
apparatus. The head is freely moveable, and usually spherical in 
form. It is artieulated to a short and narrow neck, and is dis- 
tinguished by the large facetted eyes, which in the male sex 
may meet in the median line of the face and frontal region. 
There are as a rule three ocelli. The antenn® are constructed on 
two different types; they may either be very short and composed 
of three joints, frequently bearing a tactile hair at the extremity 
(arista), or they may be filiform and of considerable length and 
composed of a great number of joints. But since in the first case 
the terminal joint is again divided into a number of smaller joints, 
and the tactile hair may be also jointed, it is impossible to draw a 
sharp distinetion between the two types. The mouth parts form the 
kind of suctorial tube known as a proboseis (haustellum), in which 
the jaws (mandibles and maxille) and an unpaired rod (epipharyn«) 
attached to the upper lip may appear as horny, setiform or knife- 
shaped piereing organs.. When the maxille only are present as 
paired rods, the unpaired piereing stylet seems to correspond to the 
fused mandibles. The proboseis, which is prineipally formed by the 
labium, ends with a swollen spongy tongue, and is without labial 
palps, while the maxillee are provided with palps, which, in cases of 
fusion with the labium, are situated on the proboseis. The abdomen 
is frequently stalked, and consists of five to nine segments. The legs 
have five-jointed tarsuses, which end with claws and usually with 
sole-like lobes for attachment. 

The nervous system presents very different degrees of concentra- 
tion according to the length of the body. While in flies of very 
stout build, the ganglia of the abdomen and thorax fuse together to 
form a common thoracie ganglion; in the Diptera with longer 
bodies, not only are the three thoracie ganglia distinct, but several, 
even five or six, separate abdominal ganglia are present. With 
regard to the alimentary canal, the presence of a stalked suctorial 
stomach as an appendage of the @sophagus and the number—four— 
of the Malpighian tubes may be mentioned. The two tracheal 
trunks are dilated to two great vesicular sacs at the base of the 
abdomen. This is correlated with the power of active flight possessed 
by these insects. 

The male genital organs consist of two oval testes with short vasa 
deferentia, to which are added firm copulatory appendages. The 
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ovaries are not connected with any special bursa copulatrix, but 
have three receptacula seminis in connection with the vagina 
(fig. 449), and often end with a retraetile ovipositor. 

There is rarely a striking difference between the two sexes. The 
males have as a rule larger eyes, which in some cases meet each other 
in the middle line; their abdomen also is frequently differently 
shaped to that of the female, and in exceptional cases the colouring 
is different (Biblio). The mouth-parts, too, may differ ; for example, 
the male gad-flies (Tabanide) are without the knife-shaped mandi- 
bles, which form the principal part of the female armature. The 
males of the Oulieide also are without the piereing weapons, and 
have multiartieulate hairy antenne, while the antenne of the female 
are filiform, and are composed of fewer joints. 

The metamorphosis is complete, and 
the larv&, which are usually apodal, 
have either a clearly separate head 
with antenn® and ocelli (most Nemo- 
cera), or a short, usually retracted, 
cephalic region, without antenn® or 
eyes (at most with an X-shaped pig- 
ment spot), with quite rudimentary 
mouth parts, sometimes with two oral 
hooks, serving for attachment. 

In the first case the larve have 
masticating mouth-parts and feed on 
other animals; in the latter case they 
are known as maggots and suck up 
fluids or semi-liquid substances. After 
several moults the larve either change 
within the hardened larval skin to pupx® (?. carctata), or casting 
the larval skin are transformed into moving pup® (7. obtecta), which 
often swim freely in water, and may be provided with tracheal gills. 
The differences which the development of the winged insect from 
'the larval organism presents in the two groups have been already 
mentioned (p. 550), 

Many Diptera when flying give rise to buzzing sounds. This is 
caused by the vibrations of various parts of the body; partly of 
the wings and partly of the segments of the abdomen, with 
participation of the voice apparatus on the four stigmata of the 
thorax. Here, beneath the margins of the stigmata, the tracheal 
trunk forms a vesicle with two delicately folded leaflets, which 





Fıc. 476.—Melophuyus ovımus,. b, Iip- 
‚pobosca equina (after Packard). 
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are set in vibration beneath two external valves by the expiration 
of air. 

Sub-order 1. Pupipara* (fig. 476). Lice flies. The body is 
stout ; the three thoracie segments are fused together, the abdomen 
is broad and often flattened. The antenn® are short, and often 
consist of but two joints, The suctorial proboseis is formed by the 
upper lip (labrum) and the maxille. The legs are provided with 
toothed clasping claws, and the wings may be rudimentary or 
absent. The development of the embryo and of the larva takes 
place in the uterus-like vagina. The maggot which issues from the 
egg (without pharyngeal framework or buccal hooks) swallows the 
secretion of large glandular appendages of the uterus (fig. 451); it 


. undergoes several moults, and is completely developed when it is 


born, which occurs just before it enters the pupal stage. They are 
parasitie, like lice, on the skin 
ot warm-blooded animals, rarely 
of insects. 


Braula ceca, Nitzsch., Bee louse. 
Nyeteribia Latreillei Curt., without 
eyes and is parasitic on species of 
Vespertilio. NMelophagus ovinus L., 
Sheeptick. Anapera pallida Meig., 
parasitic on Swallows. Hippobosca 
equina L., horse-louse. 





Sub-order 2. Brachycera 
(Flies). Body of very various 
shape, frequently thick and Fıec. 477.—Gastrophilus equi (after F. Brauer). 
stout, with an abdomen com- REIS MRS: 
posed of from five to eight segments. Antenne short, and usually 
composed of three joints with large, usually secondarily ringed 
terminal joint, to which is attached a simple or ringed bristle. 
Wings are almost always present. The larv® live in decaying 
matter in earth and water, partly also as parasites; they are, in 
great part, maggots with hooked jaws, and pass into the pupal 
stage within the moulted cask-shaped larval skin (fig. 477). Many 
of them have the form of a pupa obtecta. 

Tribe 1. Muscaria. With frontal vesicle; proboseis usually with 
fleshy terminal lobe; maxille as a rule aborted ; larvee without jaw 





* L. Dufour, * Etudes anatomiques et physiologiques sur les Insectes Dipteres 
de la famille des Pupipares.” Ann. des Se. Nat., 11. ser., Tom. III., 1843. 

R. Leuckatt, “Die Fortpflanzung und Entwickelung der Pupiparen.” Abhand. 
der natunf. Gesellschaft zu Halle, Tom. IV. 
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capsule and as a rule with two or four oral hooks. The pups are 
always barrel-shaped. 


Fam. Phoride. Phora incrassata Meig. Live as laryz in Bee hives. 

Fam. Acalyptera. Trypeta Cardui L., Tr. signata Meig., in cherries, 
Chlorops lineata Fabr. (Weizenfliege), Laryve in blades of grass. Sceatophaga 
stercoraria L., dung-flies, on dung heaps. Piophila casei L., cheese-flies. 

Fam. Muscide. Musca domestica L., house-fiy. M. Czsar L. (Goläfliege). 
M. vomitoria L., the abdomen is of a shining blue colour. NM. cadarerina L., 
(Aasfliege). Sarcophaga carnaria L. (Fleischfliege), viviparous. Tachina 
puparum Fabr., 7. (Chrysosoma) viridis Fall., 7. grossa L., T. larcarum L. The 
larv are parasitic, principally in caterpillars. 

Fam. Conopide. Conops flavipes L., the larve live in the abdomen of 
Hymenoptera. C. vufipes Fabr. (in Edipoda). 

Fam. Stomoxyide. Stomowys caleitrans L. (Stechfliege), resembles the 
house-fly. 

Fam. (Estrid®* (Biesfliegen). The proboseis is aborted. The females have 
an ovipositor and lay their eggs or their living larve (in which case the 
ovipositor is absent) on certain places on Mammalia, e.g., in the nostrils of 
Stags, or on the breast of the Horse. The larve with dentated body rings, 
and frequently with oral hooks, live in the frontal sinuses, beneath the skin, 
and even in the stomach of certain Mammalia. Under the skin they produce 
boils. Zuypoderma bovis L. H. Act@on Br., on the Stag. H. iarandi L. 
Dermatobia hominis Goudot, on Ruminants, Felid= (Jaguar) and Men in 
South America. Gstrus auribarbis Wied. The larve are brought by the flies 
into the nasal cavities of the Stag. Gastrus (Gastrophilus) equi Fabr. (fe. 
477). The egg is deposited on the breast of the Horse, and licked of by the 
latter. The larva, when hatched, attaches itself to the walls of the stomach by 
its oral hooks, undergoes several moults, and is passed with the exerements 
before the pupal stage. 

Fam. Syrphide (Schwebfliegen). Synphus pirastri L., Pristalis tenax L., 

BE. @eneus Fabr. Larve with respiratory tube, in sewers and stagnant water. 

Fam. Platypezide® (Pilzfliegen). Pl. boletina Fall, 


. Tribe 2. Tanystomata. The proboseis is usually long and has 
styliform predatory jaws. Larve with jaw sheath and hooked jaws. 


Fam. Dolichopodid®e. Dolichopus pennatus Meig. D. nobilitatus L. 

Fam. Empid& (Tanzfliegen). Zmpis tesselata Fabr. 

Fam. Asilide (Raubfliegen). Asilus germanicus L., A. crabronifermis L., 
Laphria gibbosa Fabr. L. flava Fabr. 

Fam. Bombyliide (Hummelfliegen). Anthrax morio Fabr. (sinuatus Fall.). 
The larve live in the nests of Megachile muraria and Osmia tricornis. 
Bombylius major L., B. medius L. 

Fam. Henopiide, Hennps gibbosus L. (Mundhornfliege). Zasia Hlavitarsis 
Wied, 

Fam. Therevide (Xylotom@), (Stilettfliegen). Zhereva annulata Fabr. 
Th. plebeja L., Scenopinus fenestralis L. 

Fam, Tabanide (Gadflies), Proboscis short, horizontally projecting, and 
provided with six or four (male) stylets and two-jointed palp. In the male 


* F. Brauer, “ Monographie der (Estriden.’”’” Wien, 1863. 
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the knife-shaped mandibles are wanting. Their puncture is severe, and they 


suck blood. Chrysops c@cutiens L., Zabanus bovinus L. (Rinderbremse). 
Hamatopota pluvialis L, (Regenbremse),. 


Fam. Leptide (Schnepfenfliegen), Leptis scolopacea L., L. vermileo 1b, 


South Europe. The larva digs holes in the sand, and there, like the Ant-lion, 
captures insects. 


Fam. Xylophagide (Holzfliegen), Xylophagus maculatus Fabr. The larve 
live in beech wood. Beris elavi ipes L. 


Fam, Stratiomyide (Waffenfliegen), Stratiomys chameleon L., St. Odon- 
tomyia hydroleon L,, Sargus cuprarius L, 


Sub-order 3. Nemocera (Tipularie). Longhorns (fig. 478). 
Diptera of elongated form, with many-jointed, usually filiform, 


antenn&, which in the males are sometimes tufted. They have long 
slender legs, and large, \ 


naked or hairy wings. 
The palps are usually N ! 
of considerable length, \ e f 
and with four or five u‘ ä 

joints. The proboseis 
is short and fleshy, 
and often armed with 
piereing sete. The 
halteres are free. The 
larve have usually a 
perfectly differentiated 
head (Zucephala), more 4 
rarely a retractile jaw 
capsule (Tipulide,Ceci- 
domyia); they live in 









T 





water, in earth, and Fıc. 478.—Cecidomyia tritiei (after Wagner). ” Female 
in ve getable matter with protruded ovipositor. b, Larva. ce, Pupa. 
(galls and fungi), and some of them have a respiratory tube. 
After moulting the larval skin the eucephalous larv® become quies- 
cent or freely moveable pupx; the latter are provided with tracheal 
gills on the neck and tail. The insect when hatched swims, till the 
wings are hard, on the burst pupal skin as on a boat. The females 
of many species suck blood (gnats), and become a veritable pest in 
certain districts where they appear in swarms, 


Fam. Bibionide (Museiformes). Body fly-like; antenne» six- to eleven- 
jointed. The abdomen has seven segments. Bibio marei L., B. hortulanus L. 
The males are black, the females brick red with a black head. Simulia reptans 
L., S. columbaeschensis Fabr., (Kolumbaczer Mücke). Suck blood, In Hun- 
gary they attack the herds of catile in swarms. 
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Fam. Fungicole (Pilzmücken). The larv&, which are without rudimentary 
feet on the second segment, live in fungi. Seiara Tome L. The laryz before 
entering the pupal stage come together in great numbers, and wander about in 
long sinuous chains. Mycetophila fusca Meig., (Pilzmücke), Sceiophila macu- 
lata Fabr. (Schattenmücke). 

Fam. Noctuiformes (owl-like gnats). Psychoda phalenoides L., Ptychoptera 
contaminata L. (Faltenmücke). 

Fam. Culiciformes. The larv& live in water, in rotten wood, or in earth. 
Chironomus plumosus. L., Corethra plumicornis, Fabr. The larvz have four 
tracheal vesicles and a circle of set on the anal segment; live in water. 

Fam. Culicide (gnats). The larv& live in water and have respiratory tube 
and appendages at the posteriorend ofthe body. Culex pipiens L. (Singmücke). 
The palp of the male’ is tufted and longer than ihe proboseis. The females 
sting. 

Fam. Gallicole (gall-fies), The larv& live in galls. Ceeidonıyia destructor 





) 


Fıqg. 479.—a, Pulex avium & (after Taschenberg). A Antenna; Mt. Maxillary palp. d,Larva 


of Pulex irritans. 


Say, Hessian fly. Notorious in the United States as a destroyer of crops since 
the year 1778. Imported (?) into the country in straw by the Hessian troops. 
C. tritiei Kirb., in wheat. C. secalina Loew. C. salieis Schrk. cte. The vivi- 
parous larvz belong to the genus Miastor. E 

Fam. Limnobiide (Schnaken). Th: larve are found in earth or rotten 
wood. ZTipula oleracea L., (Kohlschnaken), Ctenophora atrata L. (Kamm- 
mücke). 


Sub-order 4. Aphaniptera (Fleas). Diptera, with laterally com- 
pressed body and distinetly separated thoracie rings. Wings are 
absent, but there are two lateral plate-like appendages on the meso- 
and meta-thorax. The antenn® are very short and arise in a 
depression behind the simple ocelli. The mandibles have the form 
of toothed saw-like stylets, the maxill® are broad plates with four- 
jointed palps. The under lip (labium) is three-jointed and forms 
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the proboseis sheath., The larve have a distinet head and jaws 
(fig. 479). 


Fam. Pulieide. Pulex irritans L., flca of man. The dorsal surface of 
the male isconcave and serves for the reception ofthelarger female. The larger 
apodal larve have a distinctly separated head. and live in sawdust and 
between boards, where the elongated oval eggs are deposited. Sarcopsylla 
penetrans L., sand-flea (Chigos), lives free in South America in the sand 
(fig. 480). The female however bores into the skin of the human foot and of. 
en Mammalia, and there deposits the eggs. The escaping laıv® give rise 
'‘o ulcers. 


Order 7.—Lepidoptera* (Butterflies and Moths). 


Insects with suctorial mouth parts, which form a spirally rolled 
proboscis, with four similar wings which are completely covered with 
scales, with fused prothoraz and complete metamorphosis. 


The head is moveably artieulated and thickly covered with hairs. 
It bears semi- 
eircular facetted 
eyes and some- 
times two ocelli. 
The antenne are 
always straight 
and many- 
jointed, but vary {f 
much in form, Fıs. 480.—a, Gravid ı 
b eing often seti- field mouse with Rhynchoprion attached (after H. Karsten). 
form or filiform, or even celub-shaped, and not rarely denticulate or 
pectinate. The mouth parts are modified for sucking up fluid 
nourishment, especially the nectar of flowers, but are occasıonally 
very short and hardly capable of being used. The upper lip and 
mandibles are reduced to rudiments, but the maxille are elongated 
and closely jointed, and their inner sides are grooved, so that when 
applied together they form a tube—the spirally rolled proboseis 
(fig. 481). The proboseis is furnished with small spines used for 
tearing the nectaries of flowers; while the nectar ascends through 
it into the mouth, being sucked up by pumping movements of the 





* E.J. C. Esper, ‘ Die europäischen Schmetterlinge in Abbildungen nach, 
der Natur, mit Beschreibungen.” -7 Bde. Erlangen, 1777—1805. 

F. Ochsenheimer und F. Treitschke, “ Die Schmetterlinge von Europa.” 10 
Bde, Leipzig} 1807-1835. 

W. Herrich-Schäffer, “Systematische Beschreibung der Schmetterlinge von 


‚Europa.’ 5 Bde. Regensburg, 1243-1355. 


W. Herrich-Schäffer, “ Lepidopterorum exoticorum species nova» aut minus 
cognite. Regensburg. 1850-1865. 
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«sophagus. The maxillary palps are as a rule rudimentary (except 
in the Tineide). When at rest the probosecis lies rolled up beneath 
the mouth, and on either side of it are placed the large three-jointed 
labial palps, which are often tufted with hairs and are situated on 
the rudimentary triangular lower lip. : 
Thethree thoracie rings are intimately fused with one another, and 
like almost all external parts of the body are thickly covered with 
hairs.. The wings are in most cases very large, but in rare cases 
are quite rudimentary (female G@eometride); the anterior are the 
largest, and are distinguished by their partial.or complete covering of 
scale-like hairs which overlap one another in a tectiform manner, 
and cause the extremely various colouring, tracing, and irideseence of 
the wings. These scales consist of small, usually finely ribbed and 
toothed plates, which 
are attached by styli- 
form roots in pores of 
the integument of the 
wings, and are com- 
parable to flattened 
out hairs. They arise 
during the pupal 
period. The arrange- 
ment of the nervures 
is of systematic value. 
The essential arrange- 
ment isa large median 
cell near the root of 





Fıg. 431.—Mouth-parts of buiterflies, (after Savigny); =, £ : 
of Zygena,; b, of Noctua. A, Antenn®; Oc eyes; Md, the wıng, from which 
mandibles; Mxt maxillary palp; Mx, maxilla; Zt, labial six to eight radial 
palp; Zr, labrum, 


nervures pass to the 
external lateral edges, while above and below the middle cell single 
independent nervures run parallel to the upper or lower fringed 
margin. The two pairs of wings are frequently connected with 
one another by retinacula, the upper edge of the hind wings being 
covered by spines or set®, which catch in a band of the anterior 
wings. The legs are delicate and weak, their tibix are armed with 
spurs of considerable size. The tarsuses are in general] five-jointed. 
The abdomen has six or seven segments and is thickly covered with 
RN and ends not unfrequently with a strongly projeeting tuft of 
N1alrs, 


Nervous system.—The brain is bi-lobed, and is provided with large 


ER 


‚off the two vasa deferentia, which are 
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optie lobes, and special swellings for the origin of the antennal 
nerves. The ventral ganglionie chain is reduced, leaving the subaso- 
phageal ganglion out of consideration, to two thoracie ganglia (of which 
the larger second ganglion shows traces of constrietions and arises 
from the fusion of four ganglia) and four or five ganglia in the 
abdomen. In the larval condition, on the other hand, there are 
eleven pairs of ventral ganglia. 

The alimentary canal possesses a long @sophagus, which is 
connected with a stalked suctorial stomach, and usually six much 
coiled Malpighian tubes, of which the three on either side open by a 
common duct (figs. 47 and 48). 

Generative organs.—The ovaries consist on either side of four 
very long many-chambered egg-tubes, which contain a great quantity 
of eggs, and have, in consequence, a moniliform appearance. The 
duct apparatus always possesses a long-stalked receptaculum seminis 
with glandular appendages, and a large 
bursa copulatrix which opens indepen- 
dently beneath the genital opening. The 
two long testicular canals are packed to- 





gether so as to form an unpaired, usually 
brightly coloured body, from which pass 


much convoluted and receive the con- 
tents of two accessory glandular tubes 
before uniting to form a duetus EJACU- Fra. 482,—a, Female of Psyche helin. 
latorius. The two sexes are often so 2, Male. c, Case of the male; d, 
of the fem.ale caterpillar. 
different in size, colour, and the struc- 
ture of the wings, that there is a sexual dimorphism. The 
males are often more brightly and beautifully coloured (a means 
of exeiting the females). The dimorphism, or even polymorphism 
(seasonal dimorphism), found in the female sex of many butterflies, 
is worthy of remark. Parthenogenesis occurs exceptionally in silk- 
worms (Bombys mori), in many Psychide, and some moths (Soleno- 
bia), the larva-like females of which have no wings (fig. 482). 
Development.—The larve when hatched (eaterpillars) possess 
masticating mouth parts and feed prineipally on plants, leaves and 
wood. On the head, which is large and covered with hard skin, 
there are a pair of three-jointed antenne and six ocelli, each of 
which is divided into three parts. In all cases there are abdominal 
feet behind the three pairs of conical five-jointed thoracie legs. 
There may be only two pairs of such legs, as in the caberpillars of the 
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Geometride, or five pairs, which then belong to the third to the sixth 
and the last abdominal segments. The caterpillars establish them- 
selves before passing into the pupal stage in some protected place, or 
they spin cocoons and become transformed into pupe obteet@*, from 
which the winged insects issue either in a few weeks or in the 
following year. The winged insects, as a rule, live only for a short 
time, and die after copulating and laying their eggs. Some of them, 
however, pass the winter in sheltered localities (Ahopalocera). Some 
very widely distributed species of caterpillars cause great damage 
to forests and cultivated plants, a damage which is, however, limited 
by the persecution which they suffer from certain Ichneumonide and 
Tachinaria. Fossil remains of butterflies have been found in tertiary 
formations and in amber. Linnzus’ classification of the Zepidoptera 
into diurnal, twilight, and nocturnal butterflies has been superseded 
by the establishment of several groups and a number of families. 

Tribe 1. Microlepidoptera. Very small and delicately formed 
Lepidoptera, usually with long setiform antenne. The caterpillars 
have as a rule sixteen legs, of which the abdominal feet are provided 
with a circle of hooks round the sole. Many of them bore passages 
in the parenchyma of leaves, others live in leaves folded together, 
and others in buds. Some few are found in water, e.g., Nymphula 
and other Pyralid®e. The greater number remain hidden during 
the day. 

Fam. Pterophoride (Federgeistchen), Plume-moths. Pterophorus penta- 
dactylus L., Pt. pterodactylus L., Alueita hewadactyla L. 

Fam. Tineide Yponomeuta evonymella L., spindle-tree moth. The cater- 
pillars live together in cocoons ; several species live on fruit trees, Solenobia 
pineti=lichenella L., S. triquetrella Fisch., R., the female is apterous. The 
caterpillars (sac-bearers) live in short sacs. Some of them reproduce partheno- 
genetically. Tinea granella L., (Kornmotte). Lays its eggs in grain. The 


caterpillars (known as grain worms) eatthe grain. 7! pellionella L., (Pelzmoite) 
T. tapezella L. (Tapetenmotte). Clothes-moth. 


Fam. Tortrieide (Wickler). Zortrix viridanaL., inhe oak. Grapholitha 


funebrana Tr.. in plums. @r. (Carpocapsa) pomonella L., in apples. 

Fam. Pyralide (Zünsler). (Crambus pascuellus L, Botys urticalis L., 
Galleria mellionella L., in bee-hives. Pyralis pingwaalis L. (Fıttschabe). 
Tabby-moth, Scopula frumentalis L. (Saatmotte). 

Tribe 2. Geometrina. Loopers. For the most jrurt of slender build 
and with large wings, which in repose are tectiform. The antenn® 
are setiform and the basal joint is thickened. The caterpillars have 
ten to twelve feet ; they move in a looping manner. When at rest 


* Compare M, Herold, “ Entwickelungsgeschichte der Schmetterlinge.” 
Cassel und Marburg, 1815, 
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they eling with the posterior feet. Many species are hurtful to fruit 
trees,. 

Fam, Phytometride. Zarentia populata L., Cheimatobia brumata L., winter 
moths. The females, which have rudimentary wings, lay their eggs on the 
trunks of fruit trees in late autumn. 

Fam. Dendrometride. Acidalia ochreata Scop., Geometra papilionaria L., 
Abrawas (Zerene) grossulariata L.,Harlequin, Magpie Moth. 

Tribe 3. Noctuina (Eulen). Nocturnal Zepidoptera with broad 
body which is narrower behind, and dull coloured wings. The 
antenn® are long and setiform, in the male sometimes pectinate. 
The wings when at rest are tectiform. The legs are long and have 
strong spurs on the tibie. The caterpillars, which are sometimes 
naked, sometimes covered with hairs, have usually sixteen, more 
rarely, in consequence of the reduction or absence of the anterior 
legs, fourteen or twelve legs. The greater number pass the pupal 
stage in the earth. 

Fam, Ophiuside (Ordensbänder). Catocala paranympha L. (gelbes Ordens- 
band). C. fraxini L. (blaues Ordensband), C. nupta L., C sponsa L., C. 
promissa Esp. (rothe Ordensbänder). 

Fam. Plusiade (Goldeulen). Plusis gamma L., Pl. chrysitis L. 

Fam. Agrotide, Agrotis segetum tx, A. tritiei L., Triphena pronuba L. 

Fam. Orthosiade, Orthosia jota L. 

Fam. Cuculliad®e, Cueullia verbasci L., (. absynthüL. 

Fam. Acronyctide, Acronycta psi L., A. rumieis L., Diloba ceruleocephala 
L. The caterpillar is harmful to fruit trees. 

Tribe 4. Bombyeina (Spinner). Nocturnal Zepidoptera of elumsy 
build, with body thickly covered with hairs so as often to have 
a woolly appearance. The antenn&® are setiform, and in the male 
pectinate. The wings are tolerably broad and tectiform when at rest. 
The larger and clumsier females fly but little ; but the males, which 
are often brightly coloured, move with greater rapidity. In some 
cases the wings are reduced (Orgyia) or are absent (Psyche) in the 
female sex. The eggs, which are often laid in groups and are covered 
with a woolly mass, give origin to caterpillars with sixteen legs and 
a thick covering of hairs; the caterpillars spin complete cocoons in 
which they become pup® above ground. The caterpillars of some 
species live together in common cocoons; some (Psychide) prepare a 
sac in which they conceal their bodies. Parthenogenesis occurs. 

Fam. Euprepiads (Bärenspinner). The caterpillars with very long hairs, are 
known as woolly beare. Euprepia caja L., E plantazinis, etc. 

Fam. Liparide, Liparis monacha L., the caterpillar is very harmful to leafy 


trees and Conifer@. Z. dispar L., Orgyia antiqua L. The female is apterous. 
O. (Dasychira) pudibunda L. 
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Fam. Notodontide. Notodonta ziezac L., N. dromedarius L. Onethocampa 
processionea L., the caterpillars live on oaks, Harpyia rinula L. (Gabel- 
schwanz). The caterpillar has pharyngeal gland and two protrusible anal 
filaments,. 

Fam. Bombycid®, Gastropacha quereifolia L. (Kupferglucke). @. potatoria 
L.. @rubiL., @. pini L., Olisiocampa neustria L. ; Bombyz mori L. Silk- 
spinner originally from South Asia, but now bred in South Europe and China 
on account of the silk obtained from its cocoons. The caterpillar (silkworm) 


lives on the leaves of the mulberry, (The disease of silkworms, the muscardine, 


is produced by Dotrytis Bassiana). 

Fam. Saturnide. Saturnia pyri Borkh. S. carpini, spini Borkh,, Attacus 
eynthia, Yamamui, cecropia cultivated for silk. Aglia tauL. 

Fam. Psychide. The caterpillars carry about sacks in which they are trans- 
formed into pup&. Psyche atra L., Ps. heliv L. The sacs are spirally coiled 
and have a second lateralopening, and are different in the two sexes. Fumea 
nitidella Hb. 

Fam. Zygenide. Zygena filipenduleL. : 

Fam. Cossid®. The caterpillars live mostly in the medulla of plants. Cbssus 
ligniperda Fabr., esculi L., Hepialus humuli L. The caterpillar lives in hop 
roots, 

Tribe 5. Sphingina (Schwärmer). Zepidoptera with elongated body, 
pointed at the end, and usually a very long rolled proboseis. The 
anterior wings are long and narrow. The hind wings are short. 
The antennz are short, and, as arule, taper at the points. The wings 
lie when at rest horizontally on the body and always have a retina- 
eulum. The caterpillars are flat, and provided with an anal horn and 
sixteen legs. They pass their pupal stage in the earth. The adult 
insects fly about in the twilight, some species also in the day 
(Macroglossa). 

Fam. Sesiade. sSesia apiformis L., 8. bembeciformis Hb. 

Fam. Sphingide. Hawk-moths. Macroglossa stellatarum L. (Tauben- 
schwanz), Humming-bird Hawk-moths. Sphinz elpenor L., S. porcellus L. 
(Weinschwärmer), S. Nerii (Oleanderschwärmer), $. convolvuli L., Acherontia 
atropos L., death-head. The caterpillar lives on potatoes. Smerinthus populi 


L. (Pappelschwärmer), $. &ili@ L. (Lindenschwärmer), S. ocellatus L. (Nacht- 
pfauenauge), Eyed Hawk-moth. . 


Tribe 6. Rhopalocera. Butterflies. Zepidoptera of slender 
build, usually with brightly coloured wings. The antenn& are club- 
shaped, or knobbed at the end. The legs are slender. The tibie of 
the front legs are short, and sometimes reduced. The Ahopalocera 
fly by day, and when at rest hold the wings upright, often applied 
together. The caterpillars have sixteen feet, and are either naked or 
thickly covered with hairs and spines. They develop, for the most 
part without cocoons and attached to extraneous objects by fibres, 
into the pupa, which is often of a shining metallie colour. 
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Fam. Hesperide. Hesperia comma L., H. sylvanus Schn. 

Fam. Lycenide (Polyommatide), (Bläulinge). Polyommatus Arion L., 
P. Damon Fabr, P. virgaure@ L., Theela rubi L., green hairstreak. 7! quereus 
L., purple hair streak. 7. betule@ L. 

Fam. Satyride. Sutyrus Briseis L., 8. Hermione L., Erebia Bsdv. (Tip- 
parchia Fabr.), E. Janira L., etc. 

Fam. Nymphalide. The caterpillars have spiny outzrowths, rarely covered 
with fine hairs. The pupa is attached by its posterior extremity. Apatura 
iris L. (purple emperor). Zimenitis populi L. (Eisvogel). Vanessa prorsa L. 
(P. levana is the spring generation). V.cardui L., painted lady. V. atalanta 
L., Admiral. V. antiopa L. (Camberwell beauty). V. io L., peacock. V. urtiee 
L..(Kleiner Fuchs), small tortoiseshell. Argynnis paphia L., silver-washed 
Fritillary, A. aglaia L. (dark green Fritillary), Melitea einwia L. 

Fam. Pieride (Weisslinge). Pieris erategi L. Blackveined white. 2. 
brassic@ L., large white (Kohl- 
weissling),. P. napi L., green- 
veined white. P. rape L., small 
white. Colias hyale L., C. rhamni 
L. (Citronenvogel). 

Fam. Equitide. Papilio Poda- 
lirius L., P. Machaon L. (Swallow- 
tail). Doritis Apollo L. The 
females have a pouch-like ap- 
pendage at the posterior end of 
the body. 


Order 8.—Coleoptera.* 


Insects with masticating 
mouth-parts and horny front 
wings (tegmina). Prothorax 
Freely moveable. The meta- Fıa. 483,— Hydrophilus pieeus (iözne animal). a, 
morphosis is complete. Beetle. db, Larva. c, Pupa. 





The chief characters of this large, but tolerably well-defined, group 
of insects depend upon the structure of the wings. In the state of 
rest the anterior wings, as wing-covers (elytra), cover tlıe posterior 
membranous wings which are transversely and longitudinally 
folded, and lie horizontally on the abdomen (fig. 483). The hind 
wings alone are used in flight, while the front wings are modified to 
perform a protective function, and usually correspond in size and 
form to the soft-skinned dorsal surface of the abdominal region, of 


* W. E. Erichson, “Zur systematischen Kenntniss der Insectenlarven,” 
Archiv für Naturgesch., Tom. VII., VIIL, and XIII. 

Th. Lacordaire, ‘ Genera des Coleopteres,” Paris, 1854-1866. 

L. Redtenbacher, “ Fauna Austriaca, die Käfer,” 3 Aufl. Wien., 1873. 

Gemminger und Harold, ‘ Catalogus Coleopterorum, etc.,'’ München, 1868, 

Kowalevski l.c., “ Entwickelungsgeschichte des Hydrophilus, ete.” 
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which, however, they leave in some cases the last segment (pygidium), 
or in other cases (Staphylin®) several segments, exposed. As 
a rule, when the insects are at rest, the straight internal edges of 
both wing-covers are shut closely together, while the outer edges are 
bent round the sides of the abdomen. Sometimes the inner edges of 
the wings are fused together, so ‚that the power of flight is 
abolished. In rare cuses the wings are altogether absent. The 
head is seldom free, but as a rule is sunk into the freely moveable 
prothorax, and bears very variously shaped, usually eleven-jointed, 
antenn®. In the male the latter are of considerable size and have 
a considerable extent of surface. Ocelli 
are with few exceptions absent, but the 
facetted eyes are only absent in certain 
blind species, which live in caves. The 
mouth parts are adapted for masticating 
and biting, and sometimes show transi- 
tional forms to those of the Zymenoptera. 
The maxillary palps are usually four- 
jointed and the labial palps three-jointed. 
In the predatory beetles, the external lobe 
of the maxilla has a palp-like form and 
articulation. The labium, which is sim- 
plified by the reduction of its parts, is in 
rare cases elongated to form a divided 
tongue. The large prothorax (cervical 
shield) is moveably articulated with the 
mesothorax, which is usually weakly de- 
veloped; and onit, as well as on the 





Fıs. 484.—a, Cicindela campestris, E 
20 lan et et DIORRST other thoracie segments, the pleura ex- 


hooks on the fifth abdominal tend on to the sternal surface. The 


segment (rögne animal). 2 
) legs vary very much in shape, but usually 


end with a five-, rarely with a four-jointed tarsus. The tarsus is 
varely composed of a smaller number (from one to three) of joints. 
The abdomen is attached to the metathorax by its broad base, and 
always possesses a greater number of dorsal than of ventral plates, 
of which some may fuse with one another. The smaller terminal 
segments are usually retracted and concealed by the preceding. 

The nervous system of the C'oleoptera varies in the greater or less 
concentration of the ventral ganglionie cord. The subesophageal 
ganglion is followed by two or three thoracie ganglia, with the 
posterior of which one or two abdominal ganglia may be fused. In 
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the abdomen there are usually a series of separate ganglia (2 to 7). 
The latter may, however, f1.se together to form a long mass or be 
drawn into the thoracie ganglia. 

The long coiled alimentary canal dilates in the carnivorous beetles 
to form a gizzard, which is followed by a shaggy chylific ventricle. 
The number of Malpighian tubes is, as in Lepidoptera, confined to 
four or six. 

The males and females are easily distinguished by the form and 
size of the antenn®, the structure of the tarsal joints, and by special 
relations of size, form and colour. In the female the numerous egg- 
tubes unite in very various arrangements, and a bursa copulatrix is 
often present. The males possess a large horny penis, which, when 
at rest, is retracted into the abdomen and is 
protruded by means of a powerful muscular 
apparatus, 

Almost all the larve have mouth parts 
adapted for biting, rarely suctorial pincers. 
They feed under the most different conditions, 
as a rule concealed and removed from the 
light, and usually in the same way as the 
perfect insect. "They are either grub-like and 
apodal, but with a distinetly developed head 
(Cureulionide), or they possess, in addition to 
the three pairs of legs on the thorax, also 
stumps on the last abdominal segments. 

Many larve, as those of the (Okcindele, have \ 

a peculiar apparatus for capturing their prey „,.. a 
(fig. 484). In place of the facetted eyes, which ceux. b, Sitaris humeralis 
have not yet appeared, ocelli are present in u): 
varying number and position. Some beetle larvz, like the larvie of 
the Diptera and Hymenoptera, live as parasites and feed inside bees 
nests on the eggs and honey (Meloe, Sitaris) (fig. 485). The pup 
of beetles, which are either suspended and attached to objects or lie 
on the earth or in holes, have their limbs freely projecting. 

Fossil Coleoptera are found in coal formations and are specially 
numerous in amber. 

Tribe 1. Cryptotetramera - Pseudotrimera. The tarsuses are com- 
posed of four joints, of which one joint is rudimentary. Latreille 
considered them to be thres-jointed. 





Fam. Coceinellide (Lady Birds). Coccinella septempunctata L. The larve 
fced on Aphides. Chilocorus bipustulatus L. 
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Fam. Endomychidai (Pilzkäfer),. ZEndomychus coccıneus L. Lycoperdina 
succincta L. 


Tribe 2. Cryptopentamera-Pseudotetramera. One joint of the 
five-jointed tarsus is reduced and concealed. 


Fam. Chrysomelida (Blattkäfer). The adult inseets are mostly of a bright 
colour and feed on leaves. Their larv& have a cylindrical thick-set body, which 
is very generally covered with warts and spiny prominences ; they always have 
well-developed legs ; they likewise feed on leaves, into the parenchyma of 
which some of them (Zispa) burrow, and present the peculiarity of using their 
excrements to prepare cases which they carry about with them (Clythra, 
Cryptocephalus). Before entering the pupal stage they attach themselves to 
leaves by the hind end of their body. Haltica oleracea Fabr. Harmful to 
cabbage leaves. Lina populi L. Chrysomela varians Fabr. 

Fam. Cerambyeid& (Zongicornia) (Bockkäfer). Some species (Zamia) pro- 
duce a peculiar sound by rubbing the head against the prothorax. The elongated. 
grub-like larve have a horny head with powerful mandibles, short antennz, and 
usually no legs or ocelli. They live in wood, in which they bore passages and 
sometimes cause great damage. Lamia textor L., Cerambyx heros Scop., (. 
cerdv Fabr., Prionus coriarius Fabr. 

Fam. Bostrychide (Borkenkäfer). Coleoptera of small size and eylindrical 
body shape. The larve are of stout cylindrical shape and without legs, the 
place of which is taken by ridges covered with hairs like those of the Cureu- 
lionide. The adult insects and larvz bore passages in wood, on which they feed. 
They live in companies, and belong to ihe most dreaded destroyers of forests 
of conifers. The way in which they eat into the bark is very peculiar, 
being characteristic of the individual species and indicative of their mode of 
life. Thetwo sexes meet in the superficial passages, which the female, after 
copulation, continues and lengthens in order to lay her eggs in pits, which she 
hollows out for that purpose at the end ofthem. The larvz when hatched eat 
out lateral passages, which, as the larv& increase in size and get further from 
the main passage, become larger and give rise to the characteristic markings 
on the inside of the bark. Bostrychus chaleographus L., B. typographus L., 
under the bark of pine-trees. 2. stenographus Duft. 

Fam. Cureulionids (Rüsselkäfer). Weevils. Head prolonged into a proboseis 
in front. Larv&® eylindrical, without or with very rudimentary legs and 
ocelli ; they are almost entirely phytophagous ; and indeed they live under the 
most various conditions, some inside buds and fruit, others under bark, or on 
leaves, or in wood. Calandra granaria L., in grain known as black grain- 
worms. Balaninus nucum L., Nut-weevil. Jylobius abietis Fahr., Apion 

‚Frumentarium L. 


Tribe 3. Heteromera. The tarsuses of the two anterior pairs of 
legs are five-jointed, of the posterior pair four-jointed. 


Fam. Oedemeride. Ocdemera virescens L. 

Fam. Meloid& (Cantharide). They furnish a substance used in the prepara- 
tion of vesicants. The larv» live partly parasitically on insects, partly free 
under the bark of trees, and some of them pass through a complicated meta- 
morphosis called by Fabre hypermetamorphosis; they possess at first three 
pairs of legs; in later stages they lose these, andthe body acquires a cylindrical 
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form (fig. 457). Meloe L. The beetles live ingrass. and when touched they give 
out an acrid pungent fluid between the joints of the legs. The larvz» cresp on 
the stalks of plants, penetrate into the flowers of Asclepiads, Primulace, etc., 
and attach themselves fast to the body of bees (Pedieulus melitte Kirby), in 
order to be carried to the bees’ nest, in which they nourish themselves chiefly 
on honey. M. proscarabeus L., M. violaceus Marsh. Zytta vesicatoria L., 
Spanish fly. Sitaris humeralis Fabr., South Europe (fig. 485). 

Fam. Rhipiphoride. The larvzs live in wasp nests (Metoecus), or in the 
abdomen of cockroaches (Rhipidius). Bhipiphorus bimaculatus Fabr. 

Fam. Cistelide. Cistela fulvipes Fabr.,. C. murina L. 

Fam. Tenebrionide. Zenebrio molitor L., Larva known as meal-worm. Blaps 
mortisaga L. 


Tribe 4. Pentamera. Tarsus usually five-jointed. 


Fam. Xylophaga. Tarsus sometimes only four-jointed. The larvz some- 
times feed on dead animal matters, sometimes bore cylindrical horizontal 
passages in wood, and are therefore destructive to furniture and wooden 
material as well as to living trees. Zymezxylon navale L., on docks in oak. 
Anobium pertinax L., death watch, produces a ticking noise in wood. Pfinus 
fur L., Pt. rufipes Fabr. 

Fam. Cleride. The variegated larv® live under bark and for the most part 
on other insects. (lerus formicarius L., Triehodes apiarius L. The larva is 
parasitic in bee-hives. 

Fam. Malacodermata. Malachius @neus Fabr. Cantharis (Telephorus) 
wiolacea Payk., (C. fusca L. Zampyris Geofir, Glow-worm. Female 
apterous, or only with two small scales. Light organs in.the abdomen 
L.noctiluca L., L. splendidula L. Female with two small scales instead of 
wing-covers. 

Fam. Elaterid® (Springkäfer). The elongated body is distinguished by the 
very free articulation between the prothorax and mesothorax ; and by the pos- 
session of a spine upon the prothorax which fits into a pit on the mesothorax. 
These two arrangements enable the beetle to jump up when lying on its back, 
The larv& live under the bark of trees on the wood, sometimes in the roots of 
grain and turnips, and may be very destructive. _Agriotes lineatus L., Lacon 
murinusL., Elater sangwineus L., Pyrophorus noctilueus L., in Cuba, prothorax 
dilated to the form of a vesicleand phosphorescent. 

Fam. Buprestide (Prachtkäfer). Body elongated, pointed behind, often 
brightly coloured, with a metallic lustre. The elongated vermiform larvs are 
without ocelli and, as a rule, legs; and possess a very broadened prothorax. 
They live like the larve of the Cerambyeid@, to which they present a general 
resemblance, in wood, and bore flat ellipsoidıl passages. Trachys minuta L., 
Agrilus biguttatus Fabr., Buprestis rustica Fabr.. B. lavomaculata Fabr. 

Fam. Lamellicornia (Blatthornkäfer. The antenn& are seven- to eleven- 
jointed ; the basal joint is large, and the terminal joints (three to seven) are 
widened to a fan shape. In many the anterior legs are adapted for digging- 
The soft-skinned larv:e possess a horny head, moderately long legs, and a curved 
abdomen, which is dilated behind to the form of a sac ; they feed sometimes on 
leaves and roots, sometimes on putrefying vegetable and animal substances, and 
enter into the pupal stage after two or three years sojourn in a cocoon beneath 
theearth. Zucanus eervus L., stag beetle. Larvs in rotten wood of old oaks. 
The bestle fseds on the sap which comes from the oak. Z. parallelipipedus L., 
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Copris lunaris L., Aphodius subterraneus Fabr., Geotrupes vernalis L., G. 
stercorarius L., Rhizotrogus solstitialis L., Melolontha vulgaris Fabr.. Cock- 
chafer. The larv& at first live together and feed on fresh vegetable gubstances, 
later (in the second and third years) on roo!s, which tbey destroy, doing great 
damage. Towards the end of the fourth summer the beetle is usually developed 
from the pupa, which liesin a smooth round hole, but it remains in the earth till 
the next spring. M. hippocastani Fabr., Cetonia aurata L., Ateuchus sacer L., 
Oryctes nasicornis L. 


Fam. Dermestid® (Speckkäfer). Attagenus pellio L. (Pelzkäfer). Dermestes 


lardarius L., (Speckkäfer). 

Fam. Histeride (Stutzkäfer). Zister maculatus L., Ontophilus striatus Fabr. 

Fam. Silphide (Aaskäfer). DBeetles and larv& live on and lay their eggs in 
decomposing animal and vegetable matters ; some of them even attack lıving 
insects and larve. When .attacked many defend tlıemselves by the ejection of 
a stinking anal exeretion. Silpha thoracica Fabr., 8. obseura Fabr. Neero- 
phorus vespillo Fabr., N. germanicus Fabr. (Todtengräber). 

Fam, Pselaphide. Live in the dark under stones and in colonies of ante. 
Pselaphus Heisei Herbst, Claviger testaceus Pr. 

Fam. Staphylinide (Kurzdeckflügler). NMyrmedonia canaliculata Fabr. 
Live among ants, Staphylinus mawillosus L., Omalium rivulare Payk. 

Fam. Hydrophilidse (Palpicornia). Swimming beetles with short club-shaped 
antenn® and long maxillary palps, which often project beyond the antennz. 
Feed on plants, Zydrophilus piceus L., Hydrobius fuscipes L. 

Fam. Dytiscide. Swimming-beetles, with filiform, ten- or eleven-jointed 
antenne and broad swimming legs beset with set®; the hind legs project 
back and are especially adapted for swimming by the possession of a elose 
covering of swimming-hairs. Colymbetes fuscus L., Dytiseus marginalis, Sturm. 

Fam. Carabide.* Running beetles, with eleven-jointed filiform antenne, power- 
ful pincer-shaped mandibles, and running legs. The elongated larv® possess 
four-jointed antenne, four to five ocelli on each side, sickle-shaped projecting 
pincers, and fairly long five-jointed legs Zarpalus eneus Fabr., Brachinus 
erepitans K. (Bombardirkäfer). Carabus auratus L., Procrustes coriaceus L. 


Fam. Cieindelide. Tiger-beetles. Mandibles with three teeth, The larr®_ 


form subterranean passages, possess a broad head, very large sickle-shaped 
curved jaws, and bear on the dorsal surface of the eighth segment of the body 
two horny hooks for attachment in the passage, at the opening of which they 
lie in wait for prey. (icindela campestris L. (fig. 484). 


Order 9—HYMENOPTERA.F 


Insects with biting and licking mouth parts, fused prothorax, four 
membranous wings with only few nervures. Metamorphosis complete. 


The body has as a rule an elongated form, and possesses a freely 


* Dejean, “Species gen&ral des Col&opteres, etc.” Tom I.-V., Paris, 1825- 
1531. 

7 L. Jurine, “Nouvelle möthode de classer les Hymenopteres et les Dipteres.” 
Tom. I., Hymenopteres. Geneva, 1807. 

©. Gravenhorst, “Ichneumologia Europ®a,” Vratislavie, 1829. J. Th. C., 
Ratzeburg, “Die Ichneumonen der Forstinsecten.” #3 Bde, Berlin, 1844-1852, 

G. Dahlbom, “ Hymenoptera Europxa, precipue borealia.” Lund, 1845. 

v. Siebold, “ Beiträge zur Parthenogenesis der Arthropoden.’” Leipzig, 1871. 
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moveable head with large facetted eyes which in the male are 
almost in contact, and three ocelli (fig. 486). 

In the antenn® a large basal joint (shaft) and eleven to twelve 
shorter joints can usually be distinguished, or they are not crooked, 
in which case they consist of a greater number of joints. 

The mouth parts are biting and licking ; the upper lip and man- 
dibles are constructed as in beetles and Orthoptera ; the maxill 
and labium, on the other hand, are elongated and adapted for licking, 
and when at rest are frequently bent round. In bees the tongue 
can be considerably elongated and assume the form of a proboseis ; 
in this case the lobes of the jaws also become considerably extended, 
and form a kind of sheath around the tongue, The maxillary palps 
are usually six-jointed; the labial palps on the other hand only 
four-jointed, but the number of joints may be reduced. 

Asin the Zepidoptera and Diptera, the prothorax is firmly con- 
nected with the following thoracie segments, inasmuch as the 





Fıc. 486.—Apis mellifica. a, Queen. 6, Worker. c, Drone, 


pronotum at least (excepting in the leaf- and wood-wasps) is 
fused with the mesonotum, while the rudimentary prosternum 
remains freely moveable.. On the mesothorax two small moveable 
scales (tegule) are found over the base of the forewing, and 
behind the scutellumt the anterior part of the metanotum is 
developed into the posterior shield (postscutellum). Both pairs of 
wings are membranous, transparent, and traversed by but few 
nervures; the anterior are considerably larger than the posterior. 
From the outer edge ‘of the latter small hooks arise, which are 
attached to the inferior edge of the anterior pair, thus bringing 
about the connection between the two pairs of wings. Sometimes 
the wings are absent in one of the two sexes, or in the workers 
amongst many social Hymenoptera. The legs possess five-jointed, 
usually broadened tärsuses with long first tarsal joint. The ab- 
domen is rarely attached to the thorax by its whole breadth (sessile) ; 
as a rule the first or the two first segments of the abdomen are 
narrowed to a thin stalk, bringing about the connection with the 
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thorax (stalked). In the female sex the abdomen ends with an 
ovipositor (terebra), which as a rule is retracted, or with a poison 
spine (aculeus). The latter develops from six warts, of which four 
belong to the ventral side of the penultimate, two to that of the 
antepenultimate segment. The sting (fig. 487) consists of the 
grooved piece (sting-groove), two piereing stylets and two sting- 
sheaths (with oblong plates) and is retracted when at rest. The 
grooved piece, the furrow of which is direeted downwards, arises 
from the inner pair of warts of the penultimate segment, while the 
piereing stylets on the 
edge of the grooved piece 
correspond to the pair of 
warts of the antepenulti- 
mate segment. Finally 
the segments also take 
part in the formation of 
this apparatus, inas- 
much as they furnish 
powerful supporting 
plates for the sting 
(quadratic plate and 
angular piece). 

The nervous system 
consists of a large com- 
plicated brain, an in- 
fra-esophageal ganglion, 
two thoracie ganglia 
(the ganglia of the 


Fıc. 487.—Stinging apparatus of the honey bee from imesothorax and meta- 
the dorsal side (after Kraepelin).. GD, poison gland; 2. . 
Gb, poison reservoir; D, gland; Str, grooved piece with thorax are fused with 
the two stylets; Ba, swollen base ofthe grooved piece; the anterior abdominal 
B, curved root of the same; W, angular piece; S%, 5 4 
sheath of spine; O, oblong plate; Q, quadratic plate; ganglion), and five to 
Stb', Stb", the two piercing spines on the ventralside six gan glia in the ab- 
of the grooved piece. 





domen. 

The alimentary canal frequently attains to a considerable length, 
especially in those Hymenoptera which with a longer life cumber 
themselves with the care and nourishment of the young. Large 
salivary glands are present. The narrow @sophagus usually dilates 
to a suctorial stomach, more rarely to a spherical gizzard (ants). A 
considerable number of short Malpighian tubules open into the 
intestine (hindgut). 
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In connection with the great power of flight, the longitudinal 
tracheal trunks give rise to vesicular dilatations, of which two at 
the base of the abdomen are conspicuous by their size. 

The female sexual organs usually possess very numerous (up to 
one hundred) many-chambered egg tubes, and a large receptaculum 
seminis with accessory glands. A special bursa copulatrix is absent 
(fig. 4388). When a sting is developed, filiform or branched poison 
glends with a common reservoir and a duct opening into the sheath 
of the sting, are present. In the male sex the ducts of the two 
testes are connected with two accessory glands, while the common 
ductus ejaculatorius ends with a large protrusible penis. 

With the exception of the leaf-wasps (Tenthredinide), and wood- 


. wasps (Uroceride), the larve are apodal and live either parasitically 


in the body of insects (the Pteromaline pass through various larval 
stages, undergo- 
ing a kind of 
hypermetamor- 
phosis) or in 
plants, or in 
brood spaces 
(cells) formed of 
anımal and vege- 
table substances. 
The former, like 
the  caterpillars 





z Fıs. 488.—The viscerä ın the abdomen of the queen bee (after 
of the butterflies, R. Leuckart). D,alimentary canal; R, rectum with rectal glands 


and anus; Gk, chain of ganglia; Ov, ovary; Rec, receptaculum 


Bus 2 besides seminis; @5, reservoir of poison gland; St, sting. 


the six thoracie 

legs, six to eight pairs of abdominal legs, and live free on leaves; 
the latter are grub-like, find the nutritive material in their cells, 
and are in part fed during their growth. Almost all—e.g., the 
larvze of bees and wasps—possess a small retractile head with short 
mandibles and pointed pieces (maxille and labium). The anus is not 
developed, for the stomach is blind and does not communicate with 
the hindgut, which receives the Malpighian tubules. Most of the 
larve, when they enter the pupal stage, spin an irregular invest- 
ment or a firmer cocoon of silk-like fibres. The larva of bees 
and wasps then soon undergo a moult (when they get rid of 
their excrementitious matters), and enter upon a stage which 
precedes that of the pupa and is called by v. Siebold the pseudo- 
pupa (fig. 489). 

38 
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Sub-order 1.—Terebrantia. 


Female with ovipositor as tube or borer (terebra), which projeets 
freely at the end of the abdomen, and is sometimes retractile. 


Tribe 1. Phytephaga. Abdomen sessile. Trochanter composed 


of two rings. Larvx» phytophagous, resemble caterpillars. 


Fam. Tenthredinide (Leaf-wasps). Saw-flies. Abdomen sessile with short 
borer. The larve have rarely three, usually nine to eleven pairs of legs, 
and resemble caterpillars. The females lay their eggs in the epidermis of 
leaves, the puncture causes the flow of sap, which the egg imbibes and thereby 
inereases in size. The young larv® feed on leaves, often in early stages live 
in societies, and become pup® in a cocoon. They are distinguished from 
the caterpillars by the greater number of legs, and by the two ocelli on 
the horny head. Zyda betule. L., Tenthredo (Athalia) spinzrum Fabr., larvz 
sometimes on roses. Nematus ventricosus Klg., larvze on gooseberries. Cimbex 
femorata L. 

Fam. Uroceride (Wood-wasps). Abdomen with first tergum split, and usually 
long, freely projecting oviposi- 
tor (egg-borer). The females 
bore holes in wood and deposit 
their eggs therein. The larvz 
bore further into the wood 
and live a long time. Sirer 
gigas L. 


Tribe 2. Gallicola. Ab- 





c 
FıG. 489,— a, Larva of the bumble bee about to become 
a pupa. d, Pseudo-pupa (Semi-pupa). c, pupa (after domen stalked.. Larve 


Packard). apodal and aproctous, 


usually living in vegetable cells. 


Fam. Cynipide (Gall-wasps). Thorax humped. Abdomen usually short, 
laterally compressed. The ovipositor (egg-borer) arises on the ventral side, and 
isas a rule retracted. The females bore into plant tissues and cause, by the 
irritation of an acrid fluid, an abnormal flow of vegetable fluids, thus giving 
rise to the outgrowths known as galls, on which either one or several apodal 
larvs feed. Certain galls, especially those of the oaks of Asia Minor (Aleppo), 
contain tannic acid, and are on this account used in industry. In many species 
the females only are at present known; the eggs in such cases develop 
parthenogenetically,. Many larve are parasitice in Diptera and Aphides. 
Cynips quereus folii L., Rhodites rose L., produces the bedeguar of roses, 
‚Figites seutellaris Latr., parasitic on the grubs of Sarcophaga. 


Tribe 3. Entomophaga. Abdomen stalked. Female with freely 
projecting ovipositor (spine),. Larve apodal and without anus, 
usually parasitic in the larv® of other insects. 

Fam. Pteromalide. The larve are parasitic in all possible insect larv, 
frequently in parasites, and pass through a complicated metamorphosis, ex- 


tremely remarkable for the succession of very different stages. Pieromalus 
puparum L., Teleas clawicornis Latr., Platygaster Latr., (fig. 458). 


en ee 
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. Fam. Braconide. They prineipally persecute caterpillars, as well as beetle 
larve living in dead wood. Microgaster glommeratus L, 
Bracon impostor Scop., Br. palpebrator Ratzbg. 

Fam. Ichneumonid®. /chneumon ineubitor L. Z. (Zrogus) Tutorius Ratzbg., 
Pimpla (Ephialtes) manifestator L., Ophion luteus L. 
Fam. Evaniad®e. Zrania appendigaster L., Foenus Jaculator L, 


m caterpillars, 


Sub-order 2,—Aculeata, 


With retractile perforated sting and poison gland in the female 
sex. Abdomen always stalked ; the antenne of male usual thirteen- 
jointed, of the female twelve-jointed. The larve are apodal and 
without anus. 


Fam. Formicid:e* (Ants) (fie. 490). They live togetherin communities, which 
contain, besides the winged males and females, a great excess of small apterous 
workers with stronger prothorax. The latter are sometimes of two kinds. 
known as soldiers and true workers, distinguished by the size of the head and 
jaws. The workers are 
aborted f»males and re- * 
semble the true females 
in possessing a poison 
gland, the acid secre- 
tion (formie acid) of 
which they either pour 
out with the help of the 
sting or,in the absence 
of the latter, eject into 
the wound made by the 
mandibles. 

The dwellings of the 
ants consist of passages 
and cavities, which are 
placed in rotten wood, 
in the earth, or in hill- 


like heaps wärch es Fı. 490.— Formica (Camponotus) hereulanea. a, Female. 2, Male. 
throw up. Winter pro- e, Worker. d, Larva of Formica rufa. e, pupa with case, so. 
visions are not carried called ant egg. f,9, Pupa liherated from the case. 

into these spaces, since 

the ant-workers, which with the queens alone survive the winter, fall into a 
kind of winter sleep, 

In the spring queens are found in addition to the workers. From the eggs of 
the queens lary& proceed, which are carefully reared and protected by the 
workers. The lary®in egg-shaped cocoons become Pupz® (ants’eggs) and develop, 
some of them to workers,and some to winged sexual animals, which appear with 
us sooner or later in the course of the summer, and copulate in the flight. After 
copulation the males die, the females lose their wings and are carried back by 





* P. Huber, “ Recherches sur les mours des Fourmis indigenes.” Geneva, 
1810. 

Latreille, “ Histoire naturelle des Fourmis.” Paris, 1802, 

A. Forel, “ Les Fourmis de la Suisse.” Zurich, 1874, 
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the workers into their dwellings, to deposit their eggs, or found with some of 
the workers new societies. B 

In the tropies the ants undertake migrations in great numbers, and may 
become a regular plague when they enter houses and destroy all eatables. 
Many forms (Oecodoma species) are especially destructive to young trees and 
plants, which they strip of foliage. Some species, however, render service in 
attacking Termites and in destroying other pernicious insects, such as the cock- 
roaches, even in the dwellings of man. Many species, especially of the genus 
Beiton, are predatory ants and destroy other ant colonies. Certain species are 
said to make war with foreign ant states and to carry off their young, which 
they bring up for service in their own colony (Amazon colonies,. F. rufa, 
»ufescens). The relatively high psychical activity of these insects is undeni- 
able ; many instances of it have been disclosed by the thorough observations of 
P. IIuber. They keep Aphides as we do milch cows ; they carry provisions 
into their dwellings; they go out to battle in regular columns, and offer up 
their lives bravely for the community. In contrast to the war-like features of 
the slave-states are the friendly relations of the ants to other insects, which, as 
Myrmecophila, live in the ant dwellings (larv® of Cetonia, Myrmecophila, ete.). 
Formieca hereulanea L., F. rufa L., Myrmica acervorum Fabr., with sting. 

Fam. Chrysidide (Gold wasps). The females lay their eggs in the nests of 
other Hymenoptera, especially of the. digging wasps (Fossoria), with which 
they have on this occasion to carry on war. Chrysis ignita L. 

Fam. Heterogyna (Mutillid@, Scoliad@). Males and females very different 
in form, size and structure of antenn®. The females, with shortened wings or 
apterous, live solitarily and lay their eggs on other insects or in bees’ nests, and 
do not trouble themselves with the nourishment and care of their young. 
Mutilla europaca L., Sceolia (Seoliade) hortorum Fabr. The larva lives 
parasitically on that of the nasicorn beetle. 

Fam. Fossoria* (Digging wasps). Solitary Hymenoptera, with unbent 
antenne and elongated legs; the tibie are armed with long spines. The 
females, which live on honey and pollen, dig passages and tubes usually in sand 
and in earth and in dry wood, and deposit atthe end of them their cells, each of 
which contains an egg and animal nutritive matter for the future larya. Some 
(Bembew) carry fresh food daily to their growing larv&, contained in open cells; 
others place in the closed cell as many insects as the larya requires for its de- 
velopment. In the last cases the introduced insects are not completely killed, 
but merely crippled by a sting in the ventral nerve cord. The individual 
species usually capture quite definite insecets (eaterpillars, Cureulionide, 
Buprestide, Acridi@, ete.), which they overpower and paralyse in a very 
remarkable manner. For example, Cerceris buprestieida attacks Buprestis, 
while €. Dufourii chooses Cleonus ophthalmieus. The digging wasp seizesthe head 
o£ the beetle with its mandibles and inserts its sting into the thoracie ganglia 
between the articulation of the prothorax. Sphex Nlavipennis, which 
constructs three cells at the end of a horizontal passage, two or three inches 
long, attacks Grylla, and Sphew albisecta species of Kaipoda. Ammophila 
holoserieea supplies each of its brood cells with four or five caterpillars; A. 
sabulosa and argentata only with one very large caterpillar, which is paralysed 


* Fabre, “Observations sur les maurs des Cerceris;” also “ Tütudes su 
l’instinet et les metamorvhoses des Sphögiens,” Ann. des Se. Nat., ser, 4, Tom IV. 
and VI, 
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byasting in amedian apodal body segment, Pompilus viatieus L., Ammoplila 
sahulosa L., Crabro eribarius L. 

Fam. Vespide* (Wasps). Body slender, smooth. Anterior wings are 
narrow and can be folded together longitudinally. They are sometimes solitary, 
sometimes they live in societies; in the last case the workers also are winged. 
The females of the solitary wasps build their brood-cells in sand or on the 
stalks of plants with sand and clay, and fill them rarely with honey, usually 
with insects, especially caterpillars and spiders ; they thus approach the Zossoria 
in their mode of life. The social wasps approximate to bees in the organization 
- of their society. They construct their nests of gnawed wood, which they 
manufacture into lamell® resembling paper, and fasten together into regularly 
hexagonal cells. The combs, which are composed of a simple layer of cells 
attached to one another, are either suspended freely on the branches of trees, 
or in holes in the earth and in hollow trees, or surrounded by a common 
leafy investment, on the under surface of which the holes for exit are placed. 
In the latter case the internal structure frequently consists of several horizon- 
tally-suspended combs which are placed one above the other, like the floors 
sf a house, and are connected by buttresses. The openings of the hexagonal 
vertically placed cells look downwards. The foundation of each wasp nest is 
laid in the spring by a single female, which was fertilized in the preceding 
autumn and has survived the winter. She begets, in the course of the spring 
and summer, workers, which help to increase the size of the nest and to rear 
the offspring, and of which the larger forms produced in the summer not 
rarely lay eggs, which develop parthenogenetically into males. The larve 
are fed with insects which have been well chewed, and are transformed in a 
delicate case into pup® in the closed cells. The perfect inseets feed as a 
rule on sweet substances and honey juices, which they are said occasionally to 
gather in (Polistes). Males and females first appear in late summer and 
copulate in the flight high up in the air. The males soon die and the whole 
colony is generally dissolved in the autumn ; the fertilized females, on the 
other hand, survive the winter under stones and moss in order to found new 
societies in the following year. Odynerus parietum L., Polistes gallica L. 
Nests are without investment of leaves and consist of a stalked comb. The 
fertilized females, which have survived the winter, produce according to v. 
Siebold at first only female offspring, whose eggs remain unfertilized and 
develop parthenogenetically into males. Vespa crabro L., hornets. V. 
vulgaris L. - 

Fam. Apidaet (Bees). Tibia and tarsus, especially of the hind legs, broadened ; 
the first tarsal joint, especially of the hinder legs, covered with hairs like a 
brush. Anterior wings cannot be folded together. Body hairy. The hairs on 
the hind less or on the belly serve as a collecting apparatus for the pollen. 
The labium and maxille often reach a very considerable length. The latter 
are applied as a sheath to the tongue, and bear only rudimentary palps. The 
bees are solitary and social, and place their nests in walls, under earth and in . 
hollow trees, and feed their larvae with honey and pollen. Some do not build 
nests, but lay their eggs in the filled cells of other bees (parasitic bees). 
Andrena cineraria L., Dasypoda hirtipes Fabr., Nomada ruficornis Kirb., 


* H. de Saussure, “ Etudes sur la famille des Vespides.” 3 vols. Paris, 1852 


to 1857. : 
+ F. Huber, “ Nouvelles observations sur les Abeilles.” 2 vois, Paris, 1814. 
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” 
Megachile (Chalicodoma) muraria Fabr., Osmia bicornıs L., Anthophora 
pilipes Fabr., Xylocopa wiolacea Fabr. Wood-bees construct perpendicular 
passages in wood, and divide them by transverse walls into cells. 

Bombus Latr. Bumble bee. Body heavy; hairy like fur. The nests are 
usually placed in holes under the earth, and include only a small number, about 
fifty to two hundred, rarely as many as five hundred workers, in addition to the 
fertilized (female. They do not construct combs. but pile up irregular masses 
of pollen, in which the eggs are deposited, and which serve as food for the 
hatching grubs. The latter eat out cellular cavities in the pollen masses and 
form oval cocoons, which are free but irrezularly placed by the side of one 
another. Thenestis founded by a single female which has survived the winter, 
She at first alone has the burden of rearing the brood ; subsequently, however, 
this is shared by the hatched workers of different size, wbich themselves 
lay unfertilized eggs. 2. lapidarius Fabr., muscorum Il., terrestris, Il., 
hrypnorum Ill. 

Apis L.. honey-bee. The workers with lateral separated eyes, with one-jointed 
maxillary palps. The external surface of the hinder tibis is pressed into the 
form of a pit, and is surrounded by simple marginal set (basket, fig. 491, X); 
theinner surface of the tarsus is beset with regular 
rows of sets (brush, fig. 491 B, 5). The female 
(queen) with shorter tongue, longer abdomen, with- 
out brush. The male (drone), with large eyes in 
contact, broad abdomen, and short mouth parts, 
without basket and brush. A. mellifica L., honey 
bee, distributed over Europe and Asia as far as 
Africa. 

The workers build perpendicular combs in hollow 
trees, or in other protected places ; under the in- 
fluence of human cultivation, in suitably arranged 
baskets or hives. The wax used in the construction 
Fıs. 491.—a, Hind leg op a fthe comb is produced in the organism as a result 

worker of Apis mellifica.. cf metabolism (honey being the source), and is 

K, basket on the tibia; exuded in the form of small tablets between the 

2, enlarged tarsal join „eoments of the abdomen. The combs consist of 

with brush on the under 5 

side. 2, brush, more two layers of horizontal hexagonal cells, the bases of 

strongly magnified. which are formed of three rhomboidal plates. The 

smalier cells serve for the reception of provisions 
(honey and pollen) and for the brood of workers, the larger for the reception 
of honey and thedrone brood. Outside, at the edge of the comb, there are 
at. definite times a small number of large irregular queen cells, in which the 
female larv are brought up. When the cells are filled with honey, or the 
larvze contained in them have reached the stage of pupx&, they are closed up. A 
small opening at the bottom of the hive serves for entry and exit; all other 
clefts and fissures are closed with wax, and no light enters the interior of the 
nest, In no other Hymenopteran society is the division of labour so strietly 
carried out asin that of the bees. There is only one fertilized queen, and she 
alone lays the eggs (she may lay more than three thousand ergs in one 
day). The working bees divide amongst themselves the business of collecting 
honey, preparing wax, and feeding the brood, and the completion of the nest. 
The drones, which exist only at the swarming time, and then only in pro- 
portionately small numbers (two hundred to three hundred in a society of twenty 
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thousand to thirty thousand workers) have the privilege of enjoying themselves 
and of doing no kind of work in the hive ; they arise from unfertilised eggs and 
are killed in the autumn (slaughter of drones). The queen and the workers 
live through the winter consuming the stored-up provisions, and kept warm by 
the heat produced by the dense population of the hive. In the first days of 
spring the queen deposits eggs, first in the workers’ cells and later in the drone 


‘cells. Some royal cells are then constructed, and at intervals she deposits a 


fertilised egg in each of them. The larv& in the royal cells receive a richer 
nourishment and royal food, and become sexually mature females (queens), 
capable of copulating. Before the oldest of the young queens is hatched— 
sixteen days from the deposition of the egg is required for this, while the 
workers develop in twenty days, the drones in twenty-four—the queen-mother 
leaves the hive with a part of the inhabitants (first swarm). The young queen 
either kills all the other royal larva and remains in the old hive, or if she is 
prevented from doing this by the workers, and the population is still large 
enough, she also leaves the old hive with a part of the workers before the 
appearance of a second queen (second swarm). Soon after her metamorphosis 
the young queen makes her marriage flight, and returns after impregnation to 
the hive. The queen is only impregnated once in the course of her life, which 
lasts four or five years ; she is henceforward able to produce male and female 
ofispring. If the wings of the queen are paralysed and she is unable to 
copulate, she lays eggs which only give rise to drones ; the same is the case 
with the fertilised queen in her old age, when the contents of the receptacu- 
lum seminis is exhausted. Workers also may lay eggs which develop into 
drones ; the larvs destined to develop into workers may, if the food supply at 
any early stage be abundant, become queens. As parasites in bee-nests may be 
mentioned the death’s head moth, the wax moth, the larva of the bee-wolf, 
(Triehodes apiarius), and the bee-louse (Draula e@ca). 

The genera Melipona Jll., Trigona Jur., comprise small American species of 
bees; they appear, however, to be less closely related to the genus Apis than 
has been hitherto believed. With regard to the economy of the society, one of 
the most striking deviations they present, is that the brood-cells are filled with 
honey. before the deposition of the eggs and afterwards closed, so that the just- 
hatched grub is provided beforehand with all the food material (Fr. Müller). 
The workers also prepare large reservoirs for the storage of the honey. Among 
the former tbere are forms as in Bombus, that do not build nests, but lay their 
eggs in the nests of other species, 
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Descent, evidence in fa- 
vour of theory of, 151. 
Desmoscoleciüs, 357. 
Desor, Type of, 341 
Deutoplasm, 111. 
Development, 107. 
Diaptomus, 435. 
Diastylis, 470. 
Difflugia, 156. 
Digenous reproductıon, 
IT: 
Digging-wasps, 596. 
Digonopora, 316. 
Diloba, 533. 
Dimorphism, facts of, in 
favour of theory of 
descent 152, sexual 
101, 153. 
Dinoceras, 173. 
Dinosaurid, 175. 
Dicecious, 100. 
Diopatra, 374, 379. 
Diphyes, 246, 250. 
Diplophysa, 250. 
Diplozoon, 324. 
Dipneumones, 504. 
Diporpa, 325. 
Diptera, 572. 
Direct development, 120. 
Directive body, 109. 
Discoidal segmentation, 
112, 


» 
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Discoidex, 250. 
Discomedusa, 260, 261. 


Discophora (Coelente- 
rate), 259, 394. 
Discophora, see Hiru- 
dinea. 


Dissepimenta of Actin- 
0z0a, 228. 
Dissepiments of Anne- 
lida, 364. 
Distomea, 318, 321. 
Distomum, 317, 322. 
Distomum cygmnoides, 
321. 
Distomum hamatobium, 
321. 
Dochmius, 350, 352. 
Dolichopus, 576. 
Dolomedes, 502, 504. 
Doritis, 585. 
Dorsibranchiata, 370,379 
Dorylaimus, 357. 
Dracunculus, 356. 
Dragon-fly. 562. 
Dromia, 478. ° 
Drone, 598. 
Ductus Botalli, 66, 
Dung-Aies, 576. 
Duodenum, 57. 
Dynamena, 242. 
Dysdera, 499. 
Dytiscus, 590. 


Earwigs, 556. 
Ecdysis of Arthropoda, 
407. 
Echinaster, 273, 293. 
Echineibothrium, 338, 
326. 
Echinisceus, 497. 
Echinococcifer, 335. 
Echinococcus, 336, 331, 
333. 
Echinocucumis, 297. 
Echinocyamus, 297. 
Echinoderid, 40+. 
Echinodermata, 266. 
Echinoidea, 294. 
Echinometra, 295, 296. 
Echinorhynchus, 362. 
Echinus, 296. 
Echiuroidea, 339. 
Echiurus, 387, 392. 
Eeiton, 596. 
Eetoderm, 213, 49, 116. 
Ectolecithal, 112. 
Ectolithia, 189. 
Ectoplasm, 54. 


| Eisvogel, 585. 


Elastic fibres, 39. 
Klater, 539. 
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Eleutheroblastex, 240. 
Ellipsocephalns, 484. 
Elytron, 369, 528. 
Embolic invagination, 
114. 
Embryology in relation 
to descent theory, 157, 
Embryoniedevelopment, 
119. 
Empid, 576. 
Ennchelidium, 357. 
Enchytrxus, 384. 
Enerinus, 289. 
Endoderm, 116. 49, 213. 
Endogenous cell forma 
tion, 30, 31. 
Endomychidai, 588. 
Endoplasm, 54. 
End-organs, 47. 
Endoskeleton, 79. 
Endothelium, 34. 
Enopla, 339, 342. 
Enoplus, 357. 
Enteroceele, 116, 
Enteroplea, 404. 
Enteropneusta, 299. 
Enntoconcha, 299. 
Entolithia, 189. 
Entomophaga, 594. 
Entomostraca, 416. 
Entoniscus, 459, 460. 
Entozoa, 308. 
Epeira, 505. 
Ephemera, 531, 562. 
Ephemerid«. 561. 
Ephialtes, 595. 
Ephippigera, 558. 
Ephryopsis, 261. 
Ephyra, 125, 253, 251. 
Ephyra-Medus, 259. 
Epiblast, 114. 
Epibole, 115. 
Epimerum, 525. 
Epipharynx, 524. 
Episternum, 525. 
Epistom of Decapoda, 
476. 
Epistylis, 205. 
Epithelium, 34. 
Equitids, 585. 
Equus,phylogeny of, 172 
Erebia, 555. 
Erichthus, 472. 
Eristalis, 576. 
Errantia, 378. 
Erythraus, 495. 
Eschscholtzia, 260. 
Estheria, 419. 
Eucephala, 577. 
Eucharis, 266. 
Euchlanis, 404, 
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Eucope, 242. 
gucopepoda, 435. 
Eucopid, 234, 224, 242. 
Eucyrtidium, 190. 
Eudendrium, 241. 
Eudoxia, 250. 

Euglena, 196. 
Euglypha, 186. 
Euisopoda, 460. 
Buuice, 379. 
Euphausia, 475. 
Euphausia, eyes of, 409. 
Euplectella, 221. 
Euprepia, 583. 
Eurhamphaa. 266. 
Euryalidz, 273, 275, 294. 
Eurylepta, 316. 
Eurypterus. 480. 
Eusmilia, 932. 
Euspongia, 221. 
Eustrongylus, 352, 
Eutermes, 559. 
Eutyphis, 456. 

Evadne, 422. 

Evania, 595. 
Exoskeleton, 78. 

Eyes, 85. 


Fabricia.372. 

Facetted eye, 88. 

Faltenmücke, 578. 

Fan of Arthropoda, 409. 

Fan-traches, 70, 410. 

Fasciola, 316. 

Fascioles, 272, 296. 

Fat, 39. 

Fauna of deep sea, 163. 

Fauna, relation of to re- 
cent fossil forms, 170, 

Feathers, Sea. 231. 

Federgeistchen, 582. 

Femur, 526. 

Fertilisution of ovum, 
109. 

Fettschabe, 582. 

Feuerwanze, 572. 

Fibrillar tissue, 38. 

Field cricket, 558. 

Ficites, 594. 

Filaria, 347,349, 352.356. 

»» host of, 356. 

Filarid&, 355. 

Filigrana, 382. 

Final causes, doctrine 
of, 51. 

Fir-tree lice, 570, 

Fission, 96. 

"labellum, 232, 

Flagellata, 193. 

Flata, 571. 

Flea, 579. 
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 Fleischfliege, 576. 


Flies, 575. 

Floseularia, 404. 

Floscularid&, 404. 

Foenus, 595. 

Foramen Panizz, 67. 

Foraminifera, 184. 

Fore-gut, 56. 

Forfieula, 556. 

Formica, 596. 

Formicide, 595. 

Forskalia, 249. 

Fossils, Conditions of 
formation of, 168; Re- 
lation of, to living | 
species, 170. 

Fossoria, 596. 

Free cell formation, 30. 

Fringing reefs, 230. 

Fritillary, 585. 

Frost-butterflies, 583. 

Fulgora, 571. 

Fumea, 584. 

Fungia, 232. 

Fungicols, 578. 

Fungide 232. 

Furcilia, 474. 


Gabelschwanz, 584. 

Gadflies, 576. 

Galathea, 477, 

Galaxea, 232. 

Galea. 523. 

Galeodes, 512. 

Galleria, 582. 

Gall flies, 578. 

Gall-flies, Reproduction 
of. 128. 

Gallicola, 594. 

Gallicole, 578. 

Galls, 594. 

Gall-wasps, 594 

Gamasus, 495. 

Gammarus, 455. 

Ganglion cells, 45. 

Gastr&a theory, 118. 

Gastro] acha, 354. 

Gastrophilus, 576. 

(sastrotricha, 404. 

Gastsotrocha, 378. 

Gastroyascular space of 
Coelenterata, 209. 

Gastro-vascular system, 
60. 

Gastrula, 49, 114, 118. 

Gastrus, 576. 

Gebia, 477. 

Gecareinus, 469, 479, 

Gelasimus, 479. 

Gelatinous sponges, 221. 

Gemmules, 218, 


Genera, Origin of, 149. 
Generatio equivoca, 10. 
Geocentrophora, 313. 
Geocores. 572, 
Geodesmus, 316. 
Geographical distribu- 
tion, 159. 
Geological periods, Cla- 
racteristies of 177. 
Geological record. Im- 
perfection of, 168. 
Geological table, 165. 
Geometra, 583. 
Geometridz, 580. 
Geometrina, 582. 
Geophilus, 519. 
Geopiana, 316. 
Geoplanids, 315. 
Geotrupes, 590. 
Gephyrea, 386. 
Germ-cell, 105. 
Germinal bands, 547. 
Germinal dise, 112. 
Germinal streak, 115. 
Germinal vesicle, 110. 
Germs of Trematodes, 
319. 
Germ-stock, 96, 
Geryonia, 239, 242. 
Geryonopsid, 242, 
Gessner 133. 
Gibocellum, 506. 
Gigantostraca, 479. 
Gills 69, Tracheal, 70. 
Glabellum, 484. 
Gland, 36. 
Glands, eutaneous, 77. 
Glassy sponges, 221. 
Glaucoma, 205. 
Gleba, 250. 
Globigerina, 187. 
Glomeris, 516, 521. 
Glomerulus, 77. 
Glossa, 524. 
Glow-worm, 589. 
Glycera, 377, 379. 
Glyeiphagus, 493. 
Glyptodon, 170. 
Gnat, 578. 
Gnathobdellidz, 400. 
Gnathostoma, 345. 
Gnathostomata, 435. 
Goethe, 137. 
Goldfliege, 576. 
Gold-wasps, 596. 
Gonium, 195. 
Gonophore, 237. 
Gonophores of Siphonc- 
phora, 246. 
Gonospora, 208. 
Gonyleptus, 506. 





Gordiide, 356. 

Gordius, 346, 345 348, 
357. 

Gorgonia, 231. 


‘ Gorgonidas, 224, 


“ 


Grain-worms, 582. 
Grantia, 217, 222. 
Grapholitha, 582. 
Grapsus, 479. 
Grasshoppers, 557. 
Gregarinids, 207. 
Gressoria, 557. 
Gromia, 187. 
Gryllotalpa, 527, 558. 
Gryllus, 558. 
Gymnocopa, 380. 
Gymnophthalmata, 238. 
Gynzcophorus, 322. 
Gyrator, 314. 
Gyrodactylus; 325. 
Gyropeltis, 438, 


Hzmatopota, 577. 
Hzmatozoa, 356. 
Haementaria, 400. 
Hzmogzlobin, 33. 
Hzmopsis, 400. 
Hairstreak butterflies, 
585. 
Halichondri, 221. + 
Halieryptus, 394. 
Halisarca, 221. 
Halistemma, 249. 
Halla, 379. 
Halocypris, 427. 
Halomitra, 232. 
Halosaurid&, 175. 
Halteres, 528, 572. 
Halteria, 205, 
Haltica, 588. 
Hamm, 133 
Harlequin, 583. 
Harpacticus, 435 
Harpalus, 590. 
Harpyia, 584, 
Harvey, 133, 
Haustellum, 573. 
Haversian canals, 41. 
Hawk-moths, 581. 
Heart of vertebrata, 
Evolution of, 64. 
Heat, animal, 73, 
Heliaster, 293. 
Heliosphzera, 190. 
Heliozoa, 187. 
Hemerobid, 564. 
Hemerobius, 564. 
Hemiaspis, 480. 
Hemiaster, 279. 
Hemielytra, 571. 
Hemiptera, 566, 571. 
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Henops, 576. 
Hepato-pancreas, 59. 
Hepialus, 584. 
Herbert on fertility of 
Hybrids, 142, 
Heredity, 145. 
Hermaphroditism 99, in- 
complete, 100, 
Hermella, 382. 
Hermit Crabs, 478, 
Hesperia, 585. 
Hesperornis, 176. 
Hessian fly, 578. 
Heterodera, 357. 
Heterogamia, 555, 557. 
Heterogamy, 127, 130, 
131, 543. 
Heterogamy, 
plete, 131. 
Heterogyna, 596. 
Heteromera, 588. 
Heteronereis, 373, 379. 
Heterotricha, 205. 
Heuschrecken, 557. 
Hexactinellids, 220. 
Hexactinia, 231. 
Hexapoda, 521. 
Hibernation, 74. 
Hilaire, E. G. St., 137. 
r „  onmu- 
tability of species, 141. 
Hindgut, 56. 
Hippa, 478. 
Hipparchia, 585. 
Hipparion, 172. 
Hippids, 477. 
Hippobosca, 575. 
Hippodide, 249. 
Hirudinea, 394. 
Hirudo, 400, 
Hispa, 588. 
Hister, 590. 
Histolysis, 550. 
History of Zoology, 131. 
Holoblastic, 111. 
Holopus, 289. 
Holothuria, 299. 
Holothurians, 279. 
Holothuroidea, 297. 
Holotricha, 204. 
Holzfliesen, 577. 
Homarus, 477, 
Homology, 52. 
Homoptera, 570. 
Homothermie, 74. 
Honey-dew, 569. 
Hoof, 34. 
Hormiphora, 266. 
Hormiscium, 206, 
Hornets, 597. 


incom- 


! Horny sponges, 221. 
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Horselouse, 575. 
House-fly, 576. 
Humble bee, 598. 
Hummelfliegen, 576. 
Humming-bird Hawk- 
moth, 584. 
Hyalonema, 222, 
Hyalospongia, 221. 
Hybrid 142, Fertilit yof, 
142. 
Hydatid plague, 336. 
Hydatina, 404 
Hydra, 240. 
Hydrachna, 495. 
Hydractinia, 241. 
Hydranth, 244. 
Hydrobius, 590. 
Hydrocorallise, 240, 
Hydrocores, 571. 
Hydromedus, 236, 
Hydrometra, 572. 
Hydrophilus, 590. 
Hydrophilus, develop 
ment of, 545. 
Hydrophyllia, 246. 
Hydropsyche, 565. 
Hydrosoma, 244, 
Hydrotheca, 241, 234. 
Hydrozoa, 233. 
Hylobius, 588. 
Hymenocaris, 448, 
Hymenoptera, 590. 
Hyperia, 455. 
Hyperide, 455, 
Hyperina, 455. 
Hypermetamorphosis, 
548, 588. 
Hypoblast, 114. 
Hypoderma. 576. 
Hypodermis Arthropoda, 
407. 





Hypodermis of Vermes, 
303. 


Hypodermis or Nema- 

toda, 345. 
Hypopharynx, 524, 
Hypopus, 493. 
Hypotricha, 205. 
Hystrix, 379, 


Ibla, 445. 
Ichneumon, 595 
Ichthydina, 404. 
Ichthyobdellids. 399. 
Ichthyornithes, 175. 
Idotea, 460. 
Idyopsis, 266. 
Dia, 478. 
Ileum, 57. 
Imaginal dise, 550. 

| Imago, 548. 
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Imperforata, 187, 
Inachus, 478. 
Inzquitels, 504. 
Individual, 24, 25. 
Infundibulum of Cteno- 
phora, 263. 
Infusoria, 191. 
Insecta, 521. 
Instinct, 94. 
Iphimedia, 453. 
Irenzus, 435. 

Iris, 88. 
Irregular 
268. 
Isidor of Seville, 133 

Isis, 231 

Isogonism, 240. 

Isopeda, 456. 

Isopods, Parasites 
362. 

Iteh-mites, 492. 

Ixodes, 493. 


Sea-urchins, 


of, 


Japyx, 528, 554. 
Jassus, 571. 
Jejunum, 57. 
Jera, 460. 
Julus, 521. 


Kammmiicke, 578. 
Kermes, 569. 
Kidneys, 75. 
Kleinzirpen, 571. 
Kochlorine, 446. 
Kohlschnaken, 573. 
Kolumbaezer, 577. 
Kornmotte, 532. 
Kupferglucke, 554. 
Kurzdeckflügler, 590 


Labidura, 556. 
Labium, 523. 

‘ Labrum, 523. 

Lac, 569. 

Lachnus, 570. 
Lacinia, 523. 
Lacon, 539. 
Lady-bird, 587. 
Lzmodipoda, 454. 
Lagena, 187. 
Lamark, 144. 
Lamellicornia, 589. 
Lamia, 527, 588. 
Lampyris, 536, 589. 
Land-bugs, 572. 
Land Crabs, 479. 
Langwanzen, 572. 
Lantern-carier, 571. 
Laomedea, 242. 
Laphria, 576. 
Larentia, 533, 
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Larva, 119. 
Larva of Lov£n, 362. 
Lasia, 576. 
Lateral lines of Nema- 
toda, 346. 
Laterigrad&, 504. 
Laurer’s canal, 318. 
Leaf-flea, 570. 
Leaf-lice, 570. 
Leaf-wasps, 594. 
Lecanium, 543, 569. 
Ledermüller, 133, 
Ledra, 571. 
Leech, 394. 
Leeuwenhoek, 133. 
Lemnisci of Acanthoce- 
phala, 360. 
Lens, 37. 
Lepadide, 445. 
Lepas, 445. 
Lepidocentrus, 295. 
Lepidoptera, 579. 
Lepisma, 554. 
Leptids, 577. 
Leptodera, 350, 357. 
Leptodiscus, 193. 
Leptodora, 422. 
Leptoplana, 311, 316. 
Leptostraca, 448. 
Leptus, 495 
Lernxa, 436. 
Lernzxocera, 436. 
Lern:eodiscus, 447. 
Lernxopodid, 436. 
Lestornis, 177. 
Lestrigonus, 455. 
Leucaltis, 222. 
Leucandra, 222, 
Leucetta, 222. 
Leuchtzirpen, 571. 
Leueifer, 471, 476.. 
Leucilla, 222. 
Leucochloridium, 321. 
Leucon, 470. 
Leuconia, 222. 
Leuconids, 217. 
Leucons. 222. 
Leucortis, 222. 
Leucosolenia, 217, 222. 
Leuculmis, 222, 
Leucyssa, 222. 
Levantine sponges, 221. 
Libellula, 541, 562. 
Libellula, Development 
of, 545. 
Libellula, Rectal respi- 
ration of, 72. 
Lice, 568. 
Lice-flies, 575. 
Ligia, 459, 460, 
Ligula, 338. 


Ligulidz, 328. 
Limenitis, 585. 
Limexylon, 589. 
Limicol», 385. 
Limnobates, 572. 
Limnobiidz, 578. 
Limnochares, 495. 
Limnodrilus, 385. 
Limnoria, 455, 460. 
Limulus, 483. 

Lina, 588. 

Linckia, 292, 293 

Lineus, 343. 

Linguatulida, 487. 

Linnzus, 134. 

Liotheum, 568. 

Liparis, 583. 

Liriope, 242. 

Lithistide, 220. 

Lithobius, 520. 

Lithodes, 478. 

Lithotrya, 44. 

Liver, 59. 

Liver Fluke, 317, 322, 

Livia, 570. 

Lobophora, 258, 297. 

Lobosa. 185. 

Lobster, 477. 

Locusta, 558. 

Longhorns, 577. 

Longicornia, 538. 

Loopers, 582. 

Lophogaster, 475. 

Lophoseris, 232. 

Loricata, 477. 

Loven’s larva, 308, 362, 

Lucanus, 589. 

Lucernaria, 258. 

Luidia, 275, 293. 

Lumbriculus, 385. 

Lumbricus, 385. 

Lungs, 69. 

Lungs, Effect of ap- 
pearance of, on vascu- 
lar system, 65. 

Lycenide, 535. . 

Lycaretus, 374. 

Lycorid®, 379. 

Lycosa, 504. 2 

Lyda, 594. s 

Lyell, 144. 

Lyell’s doctrine of gra- 
dual changes, 166, 

Lygxus, 572. 

Lymn&us, Pulmonary 
cavity of, 72. 

Lymph, 67. 

Lymphatic system, 67. 

Lysianassa, 451, 455. 

Lysidice, 379. 

Lystra, 571. 


Lytta, 589. 


Machilis, 5ö4. 
Macrobiotus, 497. 
Macroglossa, 584. 
Macrostomum, 312. 
Macrura, 477. 
Macula acustica, 85. 
Madrepora, 233. 
Madreporaria, 228, 232. 
Madrepores, 229. 
Madreporic plate, 273. 
Madreporide, 233. 
Mandrina, 232. 
Meandrinid, 229, 
Maggot, 549. 
Magpiemoth, 583. 
Maja, 478. 
Malachius, 589. 
Malacobdella, 342, 343. 
Malacodermata, 589. 
Malacostraca, 447. 
Mallophaga, 568. 
Malpighi, 133. 
Malpighian body, 76. 
Malpighian tubes, Arth- 
ropoda, 409. > 
Malpighian tubules, 75. 
Mammalia, Vascular 
system of, 67. 
Man, First traces of, 178 
Mandibles of Crustacea, 
412, 
Manna, 569. 
Mantis, 527, 557. 
Mantispa. 561. 
Manubrium, 211. 
Marginal bodies, 
239, 254. 
Marine Fauna, 162. 
Marrow, 41. 
Marsupialida, 258. 
Marsupialis, 252. 
Mask, 562. 
Masticatory organs. 56. 
Maxilla of Crustacea, 
413. 
May Flies, 561. 
Meal-worm, 589. 
Meckelia, 343. 
Medusa aurita, 261. 
Medus, 236, 
Medusa, Relation of to 
Polyp, 236. 
Medusa type, 211. 
Medusites eircularis, 256. 
Medusoids, 211. 
Megachile, 598. 
Megalonyx, 170. 
Megalotrocha, 401. 
Megatherium, 170, 173, 


234, 


INDEX, 


‚ Melicerta, 404. 
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Melipona, 59. 
Melitxa, 585. 
Melithsa, 231. 
Meloe, 589 
Melolontha, 590. 
Melophagus, 575. 
Membraeis, 571. 
Membranacei, 572. 
Membranous labyrinth, 
85. 
Menopon, 568. 
Mentum, 524. 
Mermis, 345, 356. 
Mermithide, 356. 
Meroblastie, 111. 
Meromyaria, .345, 
Merostomata, 479. 
Mesenteric filaments, 
224, 
Mesoderm, 116, 213. 
Mesostomea, 313. 
Mesostomum, 313. 
Mesothorax, 525. 
Mesotrocha, 378. 
Metabolism, 10. 
Metachata, 378. 
Metagenesis, 123, 
131. 
Metamere, 27, 305. 
Metamorphosis, 126. 
Metamorphosis _retro- 
gressive, 158. 
Metanauplius, 432. 
Metathorax, 525. 
Metazoa, 54. 
Metcecus, 589. 
Miastor, 578. 
Miastor, Pxdogenesis of, 
544, 
Micrococeus, 206. 
Microgaster, 595. 
Microlepidoptera, 582. 
Micrommata, 504. 
Microstomea, 312. 
Microstomid, 309. 
Microstomum, 314. 
Microtznia, 336. 
Micrura, 343. 
Midgut. 56. 
Migration, 74. 
Miliola, 187. 
Millepora, 241. 
Milleporid, 233, 
Milnesium, 497. 
Mimicry, 155. 
Miris, 572. 
Mites, 489. 
Mole cricket, 558, 
Molpadia, 299. 
Monadin, 193. 
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Monads, 194, 
Monas, 194, 296. 
Monera, 182. 
Mongrels, Sterility of, 
143. 
Monocaulus, 240. - 
Monocelis, 311, 313. 
Monocystidea, 208. 
Monoeystis, 208. 
Monogenous reproduc- 
tion, 97. 
Monogonopora, 315. 
Monophyes, 250. 
Monostomum, 317. 321. 
Monothalamia, 186. 
Morphology, 52. 
Morphology, Evidence 
of, for descent theory 
151. 
Mososaurus, 175. 
Mucous connective tis- 
sue, 37. 
Müllerian duct, 101. 
Mundhorn-fliege, 576. 
Musca, 576. 
Muscardine, 584. 
Muscaria, 575. 
Museiformes, 577. 


, Muscle-epithelium, 43. 


Muscular tissue, 42. 
Mushroom coral, 232. 
Mutilla, 596. 
Mycetophila, 578. 
Mygale, 504. 
Mygalid:e, 499, 504. 
Mylodon, 173. 
Myoblast, 43. 
Myriapoda, 514. 
Myrmecia, 504. 
Myrmecophila, E96. 
Myrmedonia, 590. 
Myrmeleon, 564. 
Myrmica, 596. 
Mysis, 474. 
Mysis, Auditory organ 
of, 414. 
Mystacides, 565. 
Myxospongia, 221. 
Myxospongi:e, 220, 
Myzostoma, 380. 


Nadina, 313. 

Naidex, 385. 

Nail, 34. 

Nais, 386. 

Natural selection, 145. 

Natural system, 150. 

Naucoris, 527, 572. 

Nauplius, 406, 415. 

Nausithog, 260, 261. 

Nausitho&e, Eye of, 255, 
39 


610 


Nautilus, Eye of, 90, 
Nebalia, 448. 
Necrophorus, 590. 
Nectocalyces, 246. 
Nemathelminthes, 343. 
Nematocalyces, 242, 
Nematocysts, 212. 
Nematus, 543, 594. 
Nemertes, 342, 343. 
Nemertini, 339. 
Nemocera, 577. 
Nemoptera, 564. 
Nemura, 561. 
Nepa, 527, 534, 572. 
Nephelis, 400. 
Nephridia, 308. 
Nephrops, 477. 
Nereilepas, 379. 
Nereis, 379. 
Nerve fibre, 46. 
Nerve tissue, 45.. 
Nervous system, Grada- 
tions of, 80. 
Nervures, 528. 
Neuromusecular cells, 80. 
Neuropodia of Annelids, 
365. 
Neuroptera, 562. 
Niphargus, 455. 
Noctiluca, 196. 
Noctuiformes, 578, 
Noctuina 583, 
Nomada, 597. 
Nonionina, 134. 
Notodelphys, 435. 
Notodonta, 584. 
Notodromus, 428. 
Notommata, 401, 404, 
Notonecta, 572. 
Notopoda, 478. 
Notopodia of Annelids, 
365. 
Notum, 525 
Nuclear fluid, 29. 
Nuclearia, 194. 
Nuclear plate, 30. 
Nuclear substance, 29. 
Nucleolus, 29. 
Nucleus, 12, 13, 29. 
Nucleus, Division of, 30, 
Nummulina, 187. 
Nutritive polyp, 236. 
Nut-weevil, 588. 
Nycteribia, 575 
Nymphaliad, 585. 
Nymphula, 582, 


Obelia, 242. 
Obisium, 511. 
Oceanid, 234. 
Ocellata, 239, 241, 
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Ochracea, 195. 
Octactinia, 230, 231. 
Octobothrium, BL 
Octorchis, 242. 
Ocular plates, 278. 
Oculina, 232. 
Oculinide, 229. 
Ocypoda, 478. 
Odontolez, 176. 
Odontornithes, 175 
Odontosyllis, 379. 
Odynerus, 597. 
(Ecodoma, 596. 
(Edemera, 588. 
@dipoda, 558. 
@Erstedtia, 340. 
arophaene of Anthozoa, 


542, 576. 
Estropsid®, 564. 
Oken, 137. 
Olenus, 484. 
Olfactory organs, 91. 
Oligochzta, 382. 
Olynthus, 217. 
Omalium, 590. 
Onchoeotyle, 324. 
Oniscus, 460. 
Ontophilus, 590. 
Onychophora, 512. 
Oostegites of Arthros- 
traca, 451. 
Opalinzse, 204. 
Operculata, 446. 
Ophiactis, 292. 
Ophidiaster, 273, 293. 
Ophioderma, 294. 
Ophioglypha, 294. 
Ophiolepis, 294, 
Ophion, 595. 
Ophiothrix, 294, 
Ophiura, 294. 
Ophiurid, 273, 275. 279. 
Ophiuridea, 291, 293. 
Ophiusid, 583. 
Opisthomum, 313. 
Oral pole of Echinoder- 
mata, 268. 
Orbitela, 505. 
Orbulina, 187. 
Orchestia, 455. 
Ordensbänder, 583, 
Organ, 25 
Organ coral, 231. 
Oribates, 495. 
Orohippus, 172. 
Orthoptera, 5öd, 
Orthosia, 583, 
Oryctes, 590. 
Orygia, 585. 
Osculum, 210, 


Ostracoda, 423. 

Otion, 445. 

Otolith, 85, 239. 

Otolith plate of Cteno- 
phora, 264. 

Ovary, 97. 

Ovipositors, 529. 

Ovum, 33, 97. 

Ovum, fertilization of 
109. 

Oxycephalus, 456. 

Oxyrhyncha, 478. 

Oxystomata, 478. 

Oxytricha, 205. 

Oxyuris, 244, 348, 351. 


Pxdogenesis, 128 
Pagurus, 478. 
Painted Lady, 585. 
Palzxaster, 292. 
Palemon, 220, 477. 
Palzocarabus, 469. 
Palzocrangon, 469. 
Palsontology, Evidence 
in favour of descent 
theory, 163 
Palex of Annelids, 368 
Palingenia, 562, 
Palinurus, 477. 
Pali of Actinozoa, 228° 
Pallas on domestie hy- 
brids, 143 
Palp, 413, 523. 
Palpares, 564. 
Palpicornia, 590. 
Palps of Chxtopoda, 369. 
Pandora, 266. 
Panorpid®, 563. 
Papilio, 585. 
Paraglossa, 524. 
Paramzcceium, 205. 
Paramere, 27. 
Paranucleus. 201. 
Parapodia, 305, 365. 
Parasita, 435. 
Parasitica, 567 


Parthenogenesis, 105, 
410, 543. Ä 

Par thenogenesis of Phyl- 
lopoda, 418. 


Paste-worm, 357. 
Pauropus, 521. 
Peacock butterfly, 585. 
Pectinaria, 382. 

Pedal ganglion, 82. 
Pedata, 299. 
Pedicellaris, 271. 
Pediculus, 568, 589, 





Pedipalpi, 506. 
Pedipalpus, 484. 
Pedunculata, 445. 
Pelagia, 236, 260, 261 
Pelodera, 357. 
Pelodytes, 346, 350. 
Peltocaris, 448. 
Peltogaster, 447, 460 
Pelzfresser, 568. 
Pelzkäfer, 590. 
Pelzmotte, 582, 
Pemphigus, 570. 
Penzus, 477. 
Penella, 436. 
Pennatula, 231. 
Pennatulid, 231. 
Pentacrinus, 289, 
Pentacta, 274. 
Pentamera, 589. 
Pentastomid, 408. 
Pentastomum, 488. 
Pentatoma, 572. 
Pentatrematites, 289. 
Perforata, 181, 232. 
Perichondrium, 39 
Peridinium, 196. 
Periosteum, 41. 
Peripatus, 514. 
Periplaneta, 557. 
Perischechinidz, 295. 
Peritricha, 205. 
Perla, 561. 
Perlids, 561. 
Petalopus, 180. 
Phalangiida, 505. 
Phanerocarpe, 255. 
Phanero-codonie gono- 
phore, 236. 
Phascolosoma, 394. 
Phasma, 557. 
Philodina, 404, 
Philopterus, 568. 
Pholecus, 505. 
Phora, 576. 
Phoronis, 389. 
Phosphorescent organs 
of insect, 536. 
Phoxichikidium, 496. 
Phreoryctes, 385. 
Phronima, 455, 
Phrosina, 455. 
Phryganea, 565. 
Phryganid, 564. 
Phrynus, 507. 
Phthirius, 568. 
Phyllacanthus, 296. 
Phyllium, 557. 
Phyllophorus, 278. 
Phyllopoda, 416. 
Phyllosomata, 471. 
Phylloxera, 570, 


INDEX. 


Phylloxera, 
tion of, 128. 
Phylogeny, 122. - 
Physalia, 244, 249. 
Physematium, 194. 
Physometrid. 583. 
Physophora, 248, 249. 
Physophoridx, 244, 248. 
Physopoda, 559. 
Phytophaga, 594. 
Phytophthires, 568. 
Pieris, 585. 
Pigment of eye, 86, 88. 
Pilidium, 341, 
Pilzfliegen, 576. 
Pilzkäfer, 588. 
Pilzmücken, 578. 
Pimpla, 595. 
Pinnotheres, 478. 
Pinnul, 270, 288. 
Piophila, 576. 


Reproduc- 


"Pirates, 572. 


Pisa, 478. 

Pisces, vascular system 
of, 64. 

Piscicola, 399. 

Planaria, 315. 

Plane, median, 27; sa- 
gittal, 27 ; transverse, 
27. 


Planipennia, 563. 
Plant-lice, 569. 
Plants and animals, 15 
Planula, 117, 124, 255. 
Plasmodium, 30. 
Platygaster, 594. 
Platygaster, larvi@ of.549. 
Platyhelminthes, 309. 
Platypezid, 576. 
Platyscelus, 456. 
Pleopods of Isopoda, 457. 
Pleuron, 483, 525. 
Pliny, system of, 132. 
Ploteres, 572. 
Plume-moths, 582. 
Plumularia, 237, 242, 
Plusiad, 583. 
Pluteus, 281, 282, 292, 
294, 296. 
Pneumatocyst, 244. 
Pneumatophore, 244. 
Pneumora, 555. 
Podocerus, 455. 
Podocoryne, 237, 241. 
Podophora, 296. 
Podophrya, 205. 
Podura, 554. 
Poikilothermie, 74. 
Poison glands, 532. 
Polar areas of Üteno- 
phora, 264, 
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Polar body, 104. 
Polian vesielos, 272. 
Polistes, 566, 597, 
Pollieipes, 445. 
Polyactinia, 225, 
Polybostrichus, 372,379, 
Polycelis, 311, 315. 
Polychieta, 374. 
Polycirrus, 378. 
Polycladus, 311. 
Polycystidea, 208. 
Polyceystinids, 190. 
Polycyttaria, 196. 
Polydesmus, 521. 
Polydora, 382. 
Polygastrica, 192. 
Polygordius, 375. 
Polymorphina, 180. 
Polymorphism, 23, 126. 
Polymorphism, Facts of, 
in favour of Theory 
of Descent, 152. 
Polymorphism of social 
insects, 155. 
Polymyaria, 345. 
Polynoe, 379. 
Polyommatidx, 585. 
Polyophthalmus, 372. 
Polyparia, 227. 
Polyphemus, 422, 
Polypoid, 211. 
Polypomedusx, 233. 
Polyp type, 210. 
Polystomea,317,318,322 
Polystomella, 187. 
Polystomum, 323, 324. 
Polythalamia, 186. 
Polyxenus, 521. 
Polyzonium, 515, 521. 
Pompilus, 597. 
Pontobdella, 400. 
Pontonia, 477. 
Porcellana, 460, 478. 
Porcellio, 457, 460, 
Porifera, 214. 
Porpita, 250. 
Portunus, 478. 
Postabdomen of Arthro- 
poda, 407. 
Postscutellum, 526, 591. * 
Pou de poissons, 438. 
Prachtkäfer, 589. 
Praeabdomen of Arthro 
poda, 407. Ä 
Prestomium of Chati- 
fera, 387. 
Praniza, 459. 
Prawns, 477. 
Praying insect, 557. 
Priapulus, 394. 
Primitive streak, 115, 
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Prionus, 588. 
Procrustes, 590. 
Proglottis ofcestoda,326. 
Proleg, 549. 
Pronucleus, 109. 
Prosoponiscus, 451. 
Prosorochmus, 340, 341. 
Prostate, 99. 
Prostomum,311,312, 314. 
Protaster, 292. 
Proterosaurus, 177. 
Prothorax, 525. 
Protodrilus, 365, 375. 
Yrotolepas, 446. 
Protoplasm, 12. 
Prototracheata, 512. 
Protozoa, 182. 
Protula, 372, 332. 
Proventriculus, 530. 
Pselaphus, 590. 
Pseudonavicell®, 208. 
Pseudophyllid, 338. 
Pseudopodia, 54, 1806. 
Pseudopupa, 593. 
Pseudoscorpionidea, 510. 
Pseudospora, 194. 
Pseudotetramera, 538. 
Pseudova, 544. 
Pseudovaries of Aphides, 
106. 
Psocus, 559. 
Psolus, 299. 
Psorosperms, 208. 
Psyche, 543, 584. 
Psychid, 581. 
Psychoda, 578. 
Psylla, 570. 
Psyllide, 570. 
Psyllodes, 570. 
Pteraster militaris, 284. 
Pterodactylide, 175. 
Pteromalus, 594. 
Pteronarcys, 561. 
Pterophorus, 532. 
Pteroptus, 495. 
Pterygotus, 480. 
Ptinus, 589. 
Ptychoptera, 578. 
Pulex, 579. 
Pupa, 548. 
Pupa coarctata, 551, 574. 
Pupa libera, 551. . 
Pupa obtecta, 551, 574, 
575. 
Pupa of Cirrpedia, 443. 
Pupil, 88, 
Pupipara, 542, 575. 
Purple, visual, 87. 
Pygidium, 484. 
Pygidium of Coleoptera, 
036, 


INDEX. 


Pygnogonida, 495. 
Pygocephalus, 469. 
Pyralis, 582. 
Pyrophorus, 589. 
Pyrrhocoris, 572. 


Quadrilatera, 478. 


. Radial vessels, 272. 
| Radiata, 266. 


Radii of Echinodermata, 
267. 

Radiolaria, 189. 

Radius, 528. 

Rami communicantes, 
82. 

Ranatra, 534, 572. 

Randwanzen, 572. 

Rapacia, 379. 

Raphidia, 563. 

Raubfliegen, 576. 

Ray, 134, 

Reaumur, 133. 

Receptaculum seminis, 
99. 

Redi, 133. 

Redia, 129, 319. 

Reduvide, 572. 

Regenbremse, 577. 

Renilla, 231. 

Reptiles, Vascular sys- 
tem of, 66. 

Respiration, Renewal of 
external medium, 72, 

Respiratory organs, 67. 

Respiratory trees, 277. 


Reticular connective 
tissue, 38. 

Reticularia, 186. 

Retina, 37. 


Retinacula of Acantho- 
cephala, 359. 
Retinul, 85. 
Rhabditis, 344, 349, 357. 
Rhabdoccela, 311, 313. 
Rhabdonema, 346, 350. 
Rhabdosoma, 455. 
Rhachis, 483. 
Rhipidius, 589. 
Rhipidogorgia, 231. 
Rhipiphorus, 589. 
Rhizocephala, 446. 
Rhizocrinus, 289. 
Rhizoglyphus, 492. 
Rhizopoda, 181. 
Rhizostoma, 261. 
Rhizostomew, 26]. 
Rhizostomid, 252, 
Rhizotrogus, 590. 
Rhodites, 594. 
Rhopalocera, 582, 554, 


Rhopalonema, 242, 

Rhyacophila, 565. 

Rhynchoccela, 339. 

EBhynchodesmus, 
316. 

Rhynchota, 566. 

Rhyncobdellide, 399. 

Ribs, 528. 

Rinderbremse, 577. 

Root-lice, 127. 

Rösel von Rosenhof, 133. 

Rosette of Echinoidea., 
296. 

Rostellum of Cestoda, 
327. 

Rotalia, 187. 

Rotatoria, 400, 

Rotifer, 404. 

Rotifera, 400. 

Rotula, 297. 

Roux, Breeding experi- 
ments, 142. 

Rückenschwimmer, 572. 

Rudimentary organs, 
Meaning of, 156. 

Rugosa, 230. 

Rütimeyer, on origin of 
ox, 143. 
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Sabella, 382. 
Sabellaria, 382. 
Sac-bearers, 582. 
Saccharomyces, 206. 
Saccoecirrus, 381. 
Sacconereis, 372, 379. 
Sacculina, 447. 
Szenurus, 385. 
Sagartia, 225. 
Sagitta, 357. 
Sagittal plane of Cteno- 
phora, 262. 
Salivary gland, 58. 
Salpingaeca, 196. 
Saltatoria, 557. 
Salticus, 504. 
Saltigrad, 504. 
Sapphirina, 436, 
Sarcode, 19, 22. 
Sarcolemma, 45. 
Sarcophaga, 576, 
Sarcopsylla, 579. 
Sarcoptid, 492. 
Sargus, 577. 
Sarsia prolifera, 239. 
Saturnia, 584. 
Satyrus, 585. 
Saw-flies, 594. 
Scalpellum, 445, 
Scaphognathite of Deca- 
poda, 476. 
Scatophaga, 576, 





Scenopius, 576. 
Schaeffer, 133. 
Schattenmücke, 578. 
Schelling, 137. 
Schildläuse, 568. 
Schildwanzen, 572. 
Schistocephalus, 338. 
Schizaster, 297. 
Schizomycetes, 206. 
Schizoneura, 570. 
Schizopoda, 472. 
Schizoprora, 311, 313, 
314. 
Schizostomum, 312. 
Schnabelfliegen, 563. 
Schnaken, 578. 
Schnepfenfliegen, 577. 
Schreitwanzen, 572. 
Schwarmer, 584. 
Schwebfliegen, 576. 
Sciara, 578. 
Sciophila, 578. 
Sclater on Zoological 
Provinces, 160. 
Sclerodermites, 231. 
Sclerostomum, 350, 352. 
Sclerotic, 88. 
Scolex, 333. 
Scolia, 596. 
Scolopendra, 519. 
Scopula, 582. 
Scorpion, 510. 
Scorpionidea, 508. 
Scorpion-spiders, 506. 
Scuta of Cirripedia, 439. 
Scutellid&, 297. 
Scutellum, 526. 
Scutigera, 518, 520. 
Scyllarus, 477. 
Scyphistoma, 125, 233 
255. 
Scyphomedusz, 231,236, 
250.- 
Sea feathers, 231. 
Sea long-worm, 343. 
Sea-urchins, 294; Regu- 
lar, 296. 
Sebaceous glands, 77. 
Secretory organs, 74. 
Sedentaria, 380. 
Sedimentary forma- 
tions :— 
Conditions of forma- 
tion of, 166, 169. 
Determination of age 
of, 164, 
Table of, 165. 
Segment, 27. 


Segmentalorgans,75,308. 
Segmentation cavity, 
116. 


INDEX. 


Segmentation of ovum, 
110. 

Selection, Artifieial, 145. 

Selection, Sexual, 152. 

Semzostomex, 260. 

Semen, 97. 

Semit® of Echinoidea , 
296. 

Sense organs, 83. 

Septa of Actinozoa, 228. 

Sergestes, 477. 

Sericteria, 532, 

Serolis, 460. 

Serpula, 382. 

Sertularia, 242, 

Sesia, 584. 

Sex, 104. 

Sexual reproduction, 97. 

Sexual selection, 152, 

Sheeptick, 575. 

Shell glands, 75. 

Shell glands, Crustacea, 
410. 

Sialis, 563. 

Sida, 422. 

Silkworm, 584. 

Silpha, 590. 

Simonea, 492. 

Simple eye, 89. 

Simulia, 577. 

Singeicaden, 571. 

Singmücke, 578. 

Siphonophora, 236, 243. 

Siphonostomata,, 435. 

Sipunculoidea, 392. 

Sipunculus, 394, 

Sirex, 594. 

Siriella, 474. 

Sitaris, 589. 

Skeleton, 78. 

Smellers of Tanäide, 
459. 

Smerinthus, 584. 

Smynthurus, 554. 

Solaster, 293. 

Solenobia, 543, 531, 582. 

Solifuge, 511. 

Solpuga, 512. 

Spanish fly, 589. 

Bpatangide, 296, 
29. : 

Spatangidea, 273. 297. 

Spatangus, 297. 

Species, 140. 

Species :—Cuvier's defi- 
nition of, 149; Muta- 
bility of, 144 ; Origin 
of, 144, 149. 

Species, Relation of to 
grenera, 149. 

Speckkäfer, 590, 
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Sperm, 97. 
Spermatophores, 99, 
Spermatozoon, 33, 97. 
Sphaeridia, 272. 
Sphzrodorum, 372, 379. 
Sphaeroma, 460. 
Sphzeronectes 250. 
Sphaeronites, 289. 
Sphaerophyra, 205. 
Sphzerotherium, 521. 
Sphzserozoum, 191. 
Sphezerularia, 356, 
Sphex, 552, 596. 
Sphingina, 584, 
Sphinx, 584. 
Sphyrocephalus, 311. 
Spicula of Nematoda, 
347. 
Spiders, 498. 
Spindle-tree moth, 382, 
Spinning glands, 532. 
Spinning mite, 495. 
Spio, 382. 
Spiode, 381. 
Spio-Nephthys larva, 
378. 


Spionids, 381. 
Spiralzooids, 241. 
Spirillum, 206. 
Spirochasta, 206. 
Spirographis, 382, 
Spiroptera, 348. 
Spirorbis, 372, 382 
Spirostomum, 205. ° 
Sponges calcareous, 222 ; 
glassy, 221; gelatin- 
ous, 221; horny, 222; 
levantine, 221. 
Sponge type, 210. 
Spongia, 221. 
Spongiad, 221. 
Spongiaria, 214. 
Spongilla, 218, 221. 
Spontaneous generation, 
10. 
Spores, 97. 
Spores 128; of Trema- 
toda, 129. 
Sporocyst, 129, 319. 
Spring-flies 564. 
Springkäfer, 589. 
Spring-tails, 554. 
Spumella, 195. 
Squama, 572. 
Squilla, 472. 
Stag-beetle, 589. 
Staphylinus, 590. 
Star coral, 232. 
Star-fishes, 290. 292, 
Staurid, 230. 
Staurocephalus, 37). 
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Stechfliege, 576. 
Stelleridea, 292. 
Stemmata Arthropoda, 
408. 
Stenorhynchus, 478. 
Stentor, 205. 
Stephanoceros, 404. 
Stephanosphzra, 195. 
Sterile polyp, 237. 
'Sternum, 525. 
Stigmata, 71. 
Stilettfliegen, 576. 
Sting, 592. 
Stipes, 523. 
Stomatopoda, 470. 
Stomobrachium mira- 
bile, 239. 
Stomoxys, 576. 
Stone canal, 272. 
Stratiomys, 577. 
Strepsiptera, 565. 
Stridulantia, 571. 
Strobila, 125, 255, 256. 
Strongylide, 347. 
Strongylocentrotus, 296. 
Strongylus, 352. 
Struggle for existence, 
145. 
Stutzkäfer, 590. 
Stylaria, 386. 
Stylasterid, 241. 
Stylochus, 316. 
Stylonychia, 205. 
Stylops, 566. 

Suberites, 229. 
Subgenital pits of Dis- 
cophora, 260. 
Submentum, 524. 

Suboesophageal 
lion, 82, 

Sub-species, 141. 

Succession of similar 
types, 171. 

Suctoria, 205, 446. 

Summer eges of Phyl- 
lopoda, 418. 

Summer eggs of Roti- 
fera, 403. 

Summer eggs of Turbel- 
laria, 313. 

Supra-oesophageal gang- 
lion, 80. 

Swallow tail, 585. 

'Swammerdam, 133. 

Sweat glands, 77. 

Sycaltis, 222. 

Sycandra, 222. 

Sycetta, 220. 

Sycilla, 222. 

Sycon, 221,.222. 

Syconid», 212, 217, 222, 


gang- 
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Sycortis, 222. 
Syculmis, 222. 
Sycyssa, 220. 
Syllis, 379. 
Syllis prolifera, 372. 
Symbiotes, 492, 
Sympathetic, 82. 
Synapta, 278, 283, 298, 
299. 
Synaptid®, 283. 
Syrphus, 576. 
System, Meaning of, 150. 
System of Aristotle, 132. 
ss Cuvier, 136. 
en Linnzus, 135. 
” Pliny, 132. 
” Present day, 
138. 


Tabanide, 574, 576. 

Tabanus, 577. 

Tachina, 576. 

Tachin&, 541. 

Tactile corpuscles, 47. 

Taenia, 327, 330, 331. 335. 

Taenia cucumerina, 329. 

Taeniade, 334. 

Talitrus, 455. 

Tanais, 459. 

Tanystomata, 576. 

Tanzfliegen, 576. 

Tapetenmotte, 582. 

Tapeworm, 326. 

Tarantula, 504. 

Tardigrada, 496. 

Tarsus, 527. 

Taste, 92. 

Tegenaria, 504. 

Tegmina, 528. 

Tegul®, 591. 

Teleas, 594. 

Teleas, larva of, 549. 

Telephorus, 589. 

Telepsavus, 382. 

Telepsavus- Ch»topterus 
larva, 378. 

Telolecithal, 112. 

Telotrocha, 378. 

Telson o£ thoracostraca 
461. 

Tenebrio, 589. 

Tenthredo, 594. 

Teratology, 51. 

Terebella, 382. 

Terebra, 592. 

Terebrantia, 594. . 


Terga of Cirripedia, 439, | Transverse 


Termes, 561. 

Termites, 559. 
Terricol®, 385, 
Tesselata, 289, 


Testis, 97. 
Tetracoralla, 230. 
Tetranychus, 495. 
Tetraphyllid, 338. 
Tetraplasta, 194. 
Tetrapneumones, 504. 
Tetrarhynchus, 327.338. 
Tetrastemma, 341, 342. 
Tettigonia, 571. 
Tettix, 558 
Textularia, 187. 
Thalamophora, 186. 
Thalassema, 392. 
Thalassicolla, 190. 
Thalassina, 477. 
'Thamnoenidia, 241. 
Theca of Actinozoa.228. 
Thecla, 585. 
Thecodontidz, 175. 
Thelyphonus, 508. 
Thereva, 576. 
Theridium, 502. 505. 
Theriodonta, 175. 
Thomisus, 504. 
Thoracostraca. 460. 
Thread cells, 212. 4 
Threadworms, 34. 
Thrips, 559. 
'Thysanopoda, 475. 
Thysanozoon, 316. 
Thysanura, 553. 
Tibia, 526. 
Ticks, 493. 
Tiger-beetles, 590. 
Tillodontia, 173. 
Tillotherium, 173. 
Tima, 242. 
Tinea, 582. 
Tipula, 578. 
Tipulari®, 577. 
Tissue, 29. 
Todtengräber, 590. 
Tomopteris, 380. 
Tornaria, 300. 
Tortoiseshell butterfiy. 
585. 
Tortrix, 582. 
Touch, $4. 
Toxodon, 170. 
Toxodontia, 173. 
Toxopneustes, 296. 
Traches, 70, 410. 
Trachelius, 204. 
Trachymedus® 239, 242. 
Trachynema, 239, 242. 
Trachys, 589. 
plane of 
Ctenophora, 262. 
Trap-door spider, 501. 
Trematoda, 316. 
Trepang. 299. 





Trisenophorus, 338. 
Trichina, 347, 348, 353, 
354, 355. 
‚Trichocephalus, 348, 353. 
Trichodectes, 336, 568. 
Trichodes, 5839, 599. 
Trichodina, 205. 
Trichomonas, 194. 
Trichoptera, 564. 
Trichosomum, 353, 
Trichotrachelid, 353. 
Trigonia, 599. 
Trilobita, 483. 
Triphzna, 583. 
Tristomum coccineum, 
323 
Trivium, 269. 
Trochal disc of Rotifers, 
401. 
Trochanter, 526. 
Troctes, 559. 
Trogus, 595. 
Trombidium, 495. 
Trypeta, 576. 
Tube-spinners, 504 
Tubicinella, 446. 
Tubicolz, 380. 
Tubicolaria, 401, 404. 
Tubifex, 385. 
Tubipora, 231. 
Tubitels, 504. 
Tubularia, 239. 241. 
Tubulariz, 241. 
Turbellaria, 309. 
Turbinolia, 232, 
Tylenchus, 357, 
Type, 52. 
Type of Desor, 341, 
Typhis, 456. 


Typhlosole o£ Lumbri- 

cus, 383. 
oglyphus, 492, 

Unten 231. 

Upper lip of Crustacea, 
412. 

Uroceridz, 594. 

Uropoda of Crevettina, 
454. 

Uterine bell of Acantho- 
cephala, 361, 











INDEX, 
Uterus, 99, 


Vagina, 99. 

Vampyrella, 194, 

Vanessa, 553. 555, 

Variability, 145. 

Varieties, 141. 

Variety, Relation of to 
species, 149. 

Vascular pore of Nema- 
toda, 346. 

Vascular system, 59, 

Vas deferens, 99, 

Vein, 62. 

Veins, 528. 

Velarium, 252. 

Velarium of 
medusz, 252. 

Velella, 246, 250. 

Velellid®, 244, 

Velia, 572. 

Venous, 73. 

Ventral plate, 545. 

Ventrieulitide, 221. 

Veretillum, 231. 

Vermes, 302, 

Vesicule seminales, 99. 

Vesiculata, 239, 241. 

Vespa, 597. 

Vexillum, 266. 

Vibrio, 206. 

Vine-lice, 570. 

Vinegar worm, 357. 

Visceral nerves, 82. 

Vitellarium of Turbel- 
laria, 312. 

Vocal organs, 552, 

Volvox, 195. 

Vortex, 313. 

Vortex viridis, 310. 

Vorticella, 205. 


Scypho- 


Waffenfliegen, 577. 
Wallace, 147. 
Warm-blooded, 74. 
Wasps, 597. 
Wasserläufer, 572. 
Water-bugs, 571. 
Water-fleas, 419. 
Watermites, 495. 
Water-scorpions, 572, 
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Water-spiders, 504. 
Water-vascular system, 
308, 311. 
Water-vascular vessels 
of Platyhelminthes 75. 
Wax glands, 532, 
Weevils, 588. 
Weizenfliege, 576. 
White ants, 559. 
White butterflies, 585, 
White coral, 232, 
Wickler, 582. 
Wings, 528. 
Winkelspinne, 504. 
Winter eggs of Rotifera, 
403. 
Winter eegs of Turbel- 
laria, 313. 
Winter-sleep, 74. 
Wolf-spider, 504. 
Wood-bees, 598. 
Wood-wasps, 594. 
Worm, Paste, 357. 
Worm, Vinegar, 357, 
Wotton, 133. 


Xantho, 478, 
Xenos, 566. 
Xiphosura, 480, 
Xylocopa, 598. 
Xylophaga, 589. 
Xylophagus, 577. 
Xylotomx, 576. 


Yolk, 111. 

Yolk-cord, 543. 

Yolk, Effect of, on de- 
velopment, 120, 

Yponomeuta, 582. 


Zerene, 583, 

Zozea, 466. 
Zoantharia, 231. 
Zoanthus, 232, 
Zoogloca, 200. 
Zoologicalprovinces,160. 
Zoophytes, 209. 
Zoosperms, 209. 
Zoospores, 194, 197, 
Zoothammium, 205, 
Zünsler, 582, 
Zygiena, 584, 
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